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Abstract 


The U.S, Standard Atmosphere Supplements, 1966 was prepared in response to a need for 
atmospheric tables depicting conditions other than the mid-latitude mean represented by the 
tables of the U.S. Standard Atmosphere, 1962. Tables of typical winter and summer conditions 
for various latitudes ure provid-:! for the troposphere, stratosphere, and mesosphere. The models 
merge into three sets of boundary conditions at 120 kilometers in the lower thermosphere. Models 
starting from these boundary conditions then branch upward into atmospheric profiles which are 
related to the wide range of conditions in the heterosphere associated with vatying solar activity, 
geomagnetic activity, and zenith angle of the sun. 

The sabstance of this publication is two major sets of tables: those for the region below 120 
kilometers, keyed to seasonal and latitudinal variations; and these for 120 to 1,000 kilometers, 
keyed to solar and geomagnetic activity and solar angle. These two sets of tables, though sep- 
arated, have mutual boundary conditions so that users will be able to select for any location, season, 
and solar activity the appropriate continuous profiles from the surface up to 1,000 kitomeiers. 
Profiles of atmospheric properties for any orbital or re-entry trajectory can thus be estimated. 
In addition, this publication contains information on diurnal variations in density up to 90 kilo- 
meters, refined analytic expressions which can be used to represent pressure and density profiles 
of the 1962 Standard and these Supplementary Atmospheres to 8 kilometers, and a mid-latitude 
ozone model up to 50 kilometers. Tables providing the allitude variation of equal geopotential 
surfaces as a function of latitude are also included to facilitate application of the atmospheric 
tables to all locations. For those interested in aircraft pressure altimetry, a set of detailed pressure- 
altitude tables fur levels from the surface up to 10 millibars is included. 

The general background leading tu development of these tables is contained in the foreword. 
Technical background is presented in Part 1— Basis of the Tables. Parts 2 and 3 provide detailed 
insight on the development of the two major sets of tables and include presentations of pertinent 
supporting data. Part 4 contains the additional material on analytic approximations, ozone, and 

latitude-altitude relations and Parts 5 and 6 are the major tables of the atmosphere. Throughout 
the document, figures and tables have been intruduced to permit visual comparisons of the varying 


conditions presented. Major tables are vresented in both English and metric systems beluw 120 
kilometers, Above 120 kilometers only metric tables are provided. 
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Symbols and Abbreviations 


A area, also empirical parameter 

A’ coefficient 

A Angstrom 

a coefficient in Chebyshev expansion 


geomagnetic planetary index 
empirical paramete7 
British thermal unit 


yee 
Ce 


b subscript indicating base or reference level : 
°C degrees, in thermodynamic Celsius scale 
Cn aerodynamic drag coefficient 
Cy Chebyshev polynomial 
Cc, speed of suund i 
c cycles 
cal calorie | 
cm centimeter | 
CST Central Standard Time | 
D empirical parameter | 
ad days since January 1 
e vapor pressure i 
EST Eastern Standard Time 
F function ' 
°F degrees, in thermodynamic Fahrenheit scale | 
Fret 10.7 em solar flux | 
Fiat 10.7 em solar flux averaged over three solar rotations | 
\ f function H 
Std) empirical parameter i 
ft foot 
G Newton's universal gravitational constant 
GMT Greenwich Mean Time [ 
gz acccleration due to gravity | 
g gtam (mass) | 
H geopotential altitude | 
Iho geopotential altitude of base of layer ‘ 
H* hour angle of sun j 
Hi scale height of individual atmospheric constituent 
H,, pressure scale height | 
A H-—HM H 
in inch | 
J index i 
°K degrees, in thermodynamic Kelvin scale 
kK, geomagnetic planetary index i 
I thermal conductivity; also Boltazmann constant : 
Hag kilogram (mass) j 
ky-cal hilogram-calorie | 
km kilometer i 
Lu gradient of molecular-scale temperature with geopotential altitude i 
Ib pound (mags) 
LST Local Standard Time 
M mean molecular weight of air 
Ma sea-level value of mean molecular weight 


matm-cm — milli-atmosphere-centimeter 
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m meter; also exponent 


m’ geopotential meter 

mm millimeter ; 
mi molecular (or atomic) mass of individual atmospheric constituent 
mb millibar 

MST Mountain Standard Tinwc 

n number density: exponent and index 

0 subscript indicating sea-level value 

P pressure 

p a constant 

q an exponent 

°R degrees, in thermodynamic Rankine scale 

R a constant in the diurnal buige equation 


R* universal gas constant 
effective earth radius; also a density or pressure ratio 
an exponent associated with temperature profiles in thermosphere 


S Sutherland's constant 
SD standard deviation 
STP standard temperature and pressure 
sec second 
th temperature in absolute thermodynamic scale 
Th daytime maximum exuspheric temperature at particular latitude 
Ti; Chebyshev polynomial 
Tu molecular-scale temperature in absolute thermodynamic scale 
Tue molecular-scale virtual temperature in absolute thermodynamic scale 
Ty nighttime minimum exospheric temperature at particular latitude 
T, nighttime global minimum temperature averaged over three solar rotations 
T, nighttime global minimum exospheric temperature 
rf Ty corrected for day-to-day variation in solar flux 
T, virtual temperature in absolute thermodynamic scale 
T, daytime global maximum exospheric temperature 
T, temperature at satellite perigee 
r,, exospheric temperature 
7 east-west wind component 
Uv ultraviolet 
w watl 
x independent variable 
Y horizontal north-south distance 
Zz geometric altitude 
Zu matching geometric altitude 
“Ly empirical function 
a thermal-diffusion factor 
Qn right ascension of satellite perigee 
a, right ascension of sun 
B a constant : 
Y ratio of specific heats: also a constant 
6, declination of satellite perigee j 
be declination of sun 
n empirical parameter 
0 empirical parameter 
mW coefficient of viscosity | 
é argument of Chebyshev polynumial \ 
p mass density 
Pi mass density for spring/fall atmospheric models 
Px mass density for summer atmospheric models 
Pe mass density for winter atmospheric models 
Pn mass density at satellite perigee 
Pr mass density at reference altitude | 
T empirical parameter : 


i 
« 


geopotential 

geographic latitude 

geographic latitude of center of diurnal bulge 
empirical parameter 

angular velocity of earth 
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Foreword 


The U.S, Standard Atmosphere, 1962 was developed te serve {he aerospace community as & 
mean basis for design and operation of vehicles and for general scientific considerations. How- 
ever, there are also requirements for realistic tables of the atmosphere for use in iavestigations of 
effects due to nonstandard atmospheric conditions, especially for systematic departures due to 
geography, season, time of day, and saiar activity. The U.S. Standard Atmosphere Supplements, 
1966 provide tabulations of atmospheric parameters from the surface to 1,000 km, based upon 
latitude and season for lower altitudes and as a function of solar activity and angle for higher alti- 
tudes, Such tables, designated cs supplementary atmospheres, must be judged, found acceptable, 
and published by a knowledgeable, responsible group such as the U.S. Committee on Extension 
to the Standard Atmusphere (COESA) in order to receive widest circulation and be utilized with 
confidence, 

COESA is a group of organizations that banded together in 1953 to take actions required to 
provide the then newborn missile industry with a realistic description of the atmosphere extending 
beyond altitudes of conventional aircraft uperations. Sponsors of this effort are the Environmental 
Science Services Administration (ESSA), the National Aeronautics and Space Administration 
(NASA), and the United States Air Force (USAF).* Today, 30 participating organizations, repre- 
seming government, industry, research institutions, and universities, support this effort. These 


organizations and the scientists and engineers that have participated at the COESA Working 
Group level are listed here: 


Aerospace Corporation 
R. W. Bruce 
Air Force Cambridge Researeh Laboratories, OAR, USAF 
kK. S. W. Champion 
A. E. Cole 
A. J. Kantor 
N, Sissenwine, Executive Secretary of Working Group 
Air Force Systems Command, USAF 
W. A. Finley 
Air Weather Service, USAF 
H. S. Appleman 
R. S. Quiroz 
1D. A. Krider 
Applied Physies Laboratory, Johns Hopkins University 
Army Electronics Command, USA 
W. Barr 
Army Missile Command, USA 
O. M. Essenwanger 
Battelle Memorial Institute 
Ballistics Research Laboratury, USA 
W. W. Berning 
Environmental Science Services Administration, Department of Commeree 
S. Teweles 
A. Kochanshi 
H. M. Woolf 
Federal Aviation Agency 
General Dynamics/Convair 
GCA Technology Division 
R. A. Minzner 


*Task responsibility assigned to the Air Foree Cambridge Research Laboratories (AFERELD 


234-468 OF - 67-2 


xvii 


: apexes : oP se : ; j 
: Buh tie METER, be SR OEE SSN GE, ones = : : 
j 
fl 
f 


Goddard Space Flight Center, NASA 
H. LaGow 
W, Nordberg 
N, W. Spencer 
Graduate Research Center of the Southwest 
F. S. Johnson 
Hig: Altitude Engineering Laboratory, University of Michigan 
L. M. Jones 
Langley Research Center, NASA 
W, J. O'Sullivan, Jr. 
R. A. Hord a 
G, M. Keating : 
Lockheed-California Company 
A, Court | 
E. Ashburn 
Marshall Space Flight Center, NASA 
O. E. Smith 
National Bureau of Standards, Department of Commerce 
D. P. Johnson 
National Center for Atmospheric Research 
P. Julian 
S. B. Solot 
Naval Proving Grounds, USN 
Naval Research Laboratory, USN 
P. Mange 
Navy Weather Research Facility, USN { 
H. B. Wobus 
Office of Space Science and Applications, NASA 
M. Dubin 
R. Horowitz 
Smithsonian Astrophysical Observatory and Harvard College Observatory 
L., Jacchia, Chairman of the Working Group 
Space Technology Laboratories, Inc. 
The Boeing Company | 
The RAND Corporation | 
E. S. Batten i 
White Sands Missile Range, USA ‘ 
For several years COESA has been attempting to assemble information permitting the tabu- 
lation of vertical profiles of atmospheric properties as functions of latitude, season, and other 
systematic influences. Such tables are required chiefly for scientific calcwlations and investiga- 
tions of the effect on aerospace vehicle design, of atmospheric departures from the accepted hase i 
line, the U.S. Standard Atmosphere, 1962. They will alsu prove useful in long term planning of 
specific scientific experiments and aerospace vehicle flights in instances of great sensitivity to 
atmospheric conditions. For locations and seasons characterized by a minimum in variability of 
the type caused in the lower atmosphere by weather, supplementary tables may be quite satisfac- 
tory as predictions of atmospheric conditions to be encountered for a specific operation or experi- 
ment. In other instances a supplementary atmosphere may be the best prediction available even 
though it is suspected that effects due to nousystematic variability around it are unacceptably large. 
However, readers who intend to use these models operationally, as representations of variations 
in the real atmosphere, are advised to study caredully the material on limitations (Sections 2.4 and 
3.6). This may be particularly important for precise applications during and immediately subse- 
quent to geomagnetic storms (both planetary and polar) in the 120- to 200-km region and at all alti- 
tudes within the auroral oval. An example of such an application is precise ephemeris prediction 


ci 4 
for low-altitude satellites in nearly circular polar crbits. | 


Development of the new Supplementary Atmospheres has been well coordinated with that of 
CIRA 1965 (COSPAR International Reference Atmosphere, 1965). This has been achieved 
through participation of some of the major contributors in both preparatory Working Croups and 
hy presentation of COESA models and studies at COSPAR meetings. Both sets of models give 
fatitudinal and seasonal variations up to 80 kin. ‘Though these are somewhat similar there are 
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some important differences, particularly in the high latitude models, where the COESA profiles 
appear to be in better agreement with recent data. The new Supplementary Atmospheres give 
latitudinal variations in properties at all altitudes (up to 1,000 km) and seasonal variations up to 
about 250 km, so that continuous atmospheric profiles fram the surface can be ybtained for any 
location and time. No seasonal or latitudinal information is provided in CIRA above 80 km. 

This docum.nt is the result of the efforts of all Working Group members listed previously. 
The cochairmen would iike to take this opportunity to thank each of them for his unselfish con- 
tribution. However, for an effort of this type a small, hard core group of dedicated individuals is 
also required to bring to fruition the ideas of many people. Special recognition which must be 
given to them is provided in the following paragraphs. 

In addition to guiding the Working Group through several major meetings, Dr. Luigi Jacchia, 
Working Group Chairman, is responsible for extension into the exosphere of what had originally 
started out to be a report on systematic variations below 90 km. He illustrated the manner ia 
which satellite-determined density data can be classified by profiles which are logically related 
to solar activity and the time of day. He followed this contzibution by developing a methodulogy 
for obtaining a family of exponential temperature curves which fitted these density data after 
application of the barometric equations. It was adopted with some modifications for this report. 
Finally, Dr. Jaechia is responsible for much of the text and tables describing the atmosphere above 
120 km.) These tables also include his findings on the geometry of upper-atmosphere parameters 
as related to the earth's coordinates and the relationship of solar (and geomagnetic) activity and 
exospheric temperature. Along with Dr. Jacchia, a great deal of credit must be given to his asso- 
ciate, Jack Slowey. His competence in the programming and computing of tables of atmospheric 
profiles was invaluable in the tedious process of joining together the families of lower altitude and 
higher altitude atmospheres, 

During the several years of development of these tables, Dr. K. S. W. Champion was a source 
of strength and knowledge. As a responsible Task Group Convener, he refused to compromise 
toward a less exact but more convenient solution in joining the lower-altitude seasonally and lati- 
tudinally dependent atmospheres to the high-altitude atmospheres. With the aid of his associate, 
Frank Marcos, he performed extensive studies of the available data in order to present an inter- 
face family of curves above 90 km which yradually merge the seasonal and latitudinal variations 
below this altitude to the upper-altitude atmospheres. Thus the variability shown in the 100- to 
250-km altitude interval is most likely to be fairly representative (excluding conditions during 
yeomagnetic storms) of the true but insufficiently explored conditions in this region. Dr. Cham- 
pion contributed extensively to the development of text and tables for altitudes above 90 km, 
especially those between 90 and 250 km. He was responsible for convening several Task Group 
meetings when the situation seemed rather dark during attempts to join the lower. and higher- 
altitude atmospheres. Through these discussions and presentations of data, Dr, Champion was 
able to provide the guidance required to overcome the grave difficulty encountered, 

Allen E. Cole and Arthur J. Kantor deserve much gratitude for their major responsibility in 
development of the supplementary atmospheres up to 90 km and for their patience and continuing 
efforts during the several years required to modify and attach the upper portion of their already 
well used Air Force Interim Supplementary Atmospheres to the high-altitude atmospheres, Mr. 
Cole led a Task Group of several Working Group members for a number of years in these efforts 
and showed great skill in assimilating many of their modifications in the original presentations, 
including those of Dr. Arnold Court, Frederick G, Finger (ESSA), Stanley Batten, Dr. William Nord- 
berg, and Roderick S. Quiroz. Mr. Quiroz also deserves recognition for preparing a section of this 
report describing diurnal variability of density up to 90 km. Special appreciation must be extended 
at this time to Paul F. Nee and Eugene A. Bertoni of AFCRL, who assisted in the programming 
and computation of the tables of surface to 120-km atmospheric properties. 

Raymond A. Minzner has been an invaluable contributor in all phases of the development of 
this volume. He was extremely helpful in resolution of the problem invelving the interface alti- 
tudes of the 0 t0 90 kim and the above 200-km atmespheres. He prepared many task level working 
papers on methodologies of joining the variuus families of atmospheres. He also prepared a sub- 
sidiary table applicable to the family of high-altitude atmospheres, which relates the geometric 
altitude of geopotential surfaces at all latitudes to that at the standard latitude, 45° N. 

COESA’s U.S, Standard Atmosphere, 1962 includes presentations of temperature as approxi- 
mate analytie functions of altitude, up to 200 km. Although very close fit of the temperature curve 
was obtained, density and pressure computed from this curve departed considerably from the 
Standard at certain altitudes. Therefore, it was decided that additional supplementary materia] 


; 
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should be developed and included in this volume. Richard A. Hord (with the aid of his associate, 

- Mias Jean P. Mason) and Hermann B. Wobus comprised a Task Group assigned this responsibility. 

They were able to prepare independent analytic approximations for density and pressure for the 

1962 Standard up to 200 km and for the new Supplementary Atmospheres up tu 80 km. These 

should prove invaluable to those concerned with machine programming of interactions of the 

- sensible atmosphere with aerospace vehicles in the mesusphere, stratosphere, atid tropusphere, 

Finally, the COESA Working Group decided there existed a requirement for presenting infor- 

mation on a minor but extremely important atmospheric constituent, ozone. Wayne Hering of 

the Air Force Cambridge Research Laboratories, though not previously associated with COESA Lone 

_. .. efforts, was called upon and responded with a valuable section on ozone for this volume. 
_ The technical contributions to this volume of course cannot end with the preparation of the 
draft material. There must be final overseers so that all material may tie together logically 

and accurately. Responsibility for this fell to the three co-sponsoring organizations. Assigned 

as technical editors were Dr. K. S. W. Champion, AFCRLI.; William O'Sullivan, Jr. with the aid of 

Gerald Keating, NASA; and Harold M. Woulf, ESSA. Major Donald A. Krider also provided | 

informal aid in this phase of preparation, Their extensive efforts are indeed appreciated. They | 

in turn had to be followed by an editorial group completely responsible for format and final prepa- | 

ration. To John Marple, AFCRL's Publication Chief, and his staff, including Eugene Pepin, i 

cover-picture artist, we owe our thanks for completion and publication of this work. | 

Maurice Dusin, NASA | 

NORMAN SISSENWINE, AFCRI. 
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PART 1 
Basis of the Tables 
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PART 1 
Basis of the Tables 


1.0 INTRODUCTION 


Part 1 contains the basis of the main tables of 
atmospheric properties that appear in Parts 5 and 6. 
The specifications of the model atmospheres that are 
‘included are listed (Section 1.2). Also included in 
Part 2 are background information, definitions, equa- 
tions, physical constanis, and conversion factors used 
in the computations. 


1.1. BACKGROUND 


Systematic variation in the troposphere due to 
season and fatitude has been fairly well known for 
years. In fact, when COESA first started to update 
the Standard Atmosphere in 1953, rough data were 
presented which depicted this variability up to 30 
km, the middle stratosphere. These data were ob- 
tained from a limited number of radiosonde flights. 
However, the requirement for presenting variability 
in a format similar to the tables in the Standard 
Atmosphere had not been established. 

The current COESA effort to provide supplemen- 
tary atmospheres received its impetus a little more 
than five years ago when expansion of the nation's 
space program) generated requirements for infor- 
mation on the variability of atmospheric structure in 
the design of second-generation scientific and military 
aerospace vehicles. At that time, a decision wes 
made to utilize a comparatively large mass ef data 
coming into the inventory from a new sensor, the 
meteorological rocketsonde. It was thought” that 
such data, in conjunction with the very much improved 
30-km_ radiosonde data, would permit construction 
of typival January and July atrauspheric profiles for 
30°, 45°, 60°, and 75° N, latitudes and an aunual 
average for 15° N. The extension of these nine 
atmospheric profiles to an altitude of 90 km was estab- 
lished as the goal. To attain this goal, data from a 
handful of specialized rocket experiments for allti- 
tudes above those of meteorological rockets were 
subjected to extrapolation techniques through which 
the wind field is related to gradients of pressure, 
vemperature, and density. 

In July 1963, the COESA Working Group, meeting 
at Fort Collins, Colorado was able to define a generally 
acceptable set of seasonally and latitudinally deter- 
mined atmospheres. Seven of these extended to 90 
km. The two 75° latitude atmespheres had to be 
limited to 30 km altitude because of a lack of data. 


However, due to the different thermal regimes found 
at high latitudes in winter, four additional atmospheres 
were defined to represent the warm and cold strato- 
spheric-mesospheric conditions at 60° (to 90 km) and 
75° (to 30 km) in January. 

At this point, very Jittle additional effort) would 
have been required to provide a follow-on COESA 
publication to the U.S, Standard Atmosphere, 1962 
with detailed tabulations of these 13 Supplementary 
Atmospheres. In fact, the Air Force, in response to 
urgent requirements, published preliminary tabies 
as Air Force Interim Supplemental Atmospheres. 
However, at the Fort Collins meeting. Working Group 
Chairman Jacchia presented a summary of recent 
research indicating that it had become feasible to 
prepare models for altitudes above 200 km which 
would portray systematic variability resulting from 
changes in solar flux and zenith angle. New pres- 
sures from the aerospace community, this time from 
atmosphere-space interface interests, made it desir- 
able to extend our supplementary atmospheres to 
orbital altitudes. 

Unfortunately, there was litte information on sys- 
tematic variability for altitudes from 90 km up to 200 
km, above the maximum altitude of most rocket sen- 
sors and below the minimum altitude of most satel- 
lites. Despite this difficulty the Working Group 
decided to try to provide a reasonable interpolation 
across this region for the seven basic surface-i0-90 
km (15° annual and 30°, 45°, and 60° January and 
July) atmospheres. 

The contemplated interpolation required physical 
expressions for describing the atmospheric profiles 
obtained from satellite drag. Although the physical 
relationship was partially understood, it) can still 
be only roughly specified. The final goal of spanning 
the 90. to 200-km “ignorosphere™” was found difficult 
te attain in spite of intensive research by COESA 
students of the upper atmosphere. 

To review the situation, the COESA Working Group 
met again in January 1965 at the University of Miami, 
Tt was agreed that an inadequate theory is worse than 
none when it must fit a great maay accurate observa- 
tions. Density profiles acceptably cluse to these 
deduced from satellite data can be computed from a 
family of empirically derived exponential tempera- 
ture curves and the barometric equations. Thus 
temperawure is continued as the defining parameter 
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of the atmosphere, as in the case of the lower altitude 
seasonally and latitudinally specified supplementary 
atmospheres. All profiles of atmospheric properties 
converged below altitudes of satellite data to a single 
boundary condition of density, temperature, pressure, 
and molecular weight at 120 km which differed only 
slightly from) corresponding values in the 1962 
Standard. 

The arrangement of these atmospheric tables ii 
terms of exospheric temperature, rather than solar 
activity, ensures that the family of tables will noi 
become obsolete as relationships between exuspheric 
temperature and solar activity are refined. In utiliz- 
ing the tables, one notes that the basic high-altitude 
atmosphere selected will be that with exuospheric 
temperature on the shaded side of the earth appro- 
priate to prevailing solar activity. Exospheric tem- 
peratures for other locations can then be obtained 
from a functional expression requiring only the angle 
of the sun. These exospheric temperatures serve 
as the key in selecting the table of atmospheric prop- 
erties for the location applicable to a specific solar 
angle. 

The meeting at Miami was adjourned with our geal 
_and procedure supposedly well established. The 
_Jow-altitude supplementary atmospheres (15° N, an- 
nual and 30°, 45°, and 60° N. January and July) ter- 
minated at 90 km with seven sets of temperature, 
pressure, and density data. Though the 90-kin tem- 

peratures and pressures differed substantially, density 
profiles of these atmospheres appear to be converging 
to a single value slightly above 90 km. Since an 
acceptable family of high-altitude atmospheres had 
been defined which now extended downward to a single 
set of boundary conditions at about 120 km, connection 
with the seven low-altitude atrnospheres which reached 
90 km appeared to be a simple chore. Some manipu- 
lation of the lapse rates hetween 90 and 120 km would 
be required since consistency through the barometric 
equation must be achieved. Also, consideration had 
to be given to several newly available soundings, 
some of which had been presented at Miami during 
Task Group sessions. Therefore, it was decided to 
permit modification of the seven low-altitude models 
to levels as low as 80 km, if necessary, to provide 
greater flexibility. 

The implication of this decisisn to join all models 
at 120 km is that latitudinal/seasonal variability, so 
well defined in the lower layers, becomes essentially 
damped out and negligible above 90 km. This sim- 
plifying assumption was not borne out by examination 
of most recent data. More realistic conditions for 
winter, at least for middle latitudes, are represented 
if the 30°, 45°, and 6% IN. January densities at 120 km 
are approximately 50 percent above the Standard. 
Mid-latitude summer and Jow-latitude data g:vuped 
around a density some 20 percent below standard at 


120 km. The 15° annual and 30°, 45°, and 60° N. 
July atmespheres could be conveniently extended to 
that point. In so doing, the density-altitude profiles 
for all atmospheres had to pass through a density 
ranging from 10 percent to 15 percznt above standard 
just above 90 km, a level recently noted to be isopycnic 
(near-constant density). The concept of sucha singu- 
lar point has proved to be most useful. 

Two new families of temperature curves for the inter- 
face region above 120 km were developed to connect 
with the Jacchia high-altitude atmospheres. One 
family starts with 120-km winter conditions, each 
member joining smoothly at an altitude in the 200- 
to 250-km region with the corresponding curve in the 
family of high-altitude atmospheres, whereas the other 
family starts at 120-km summer conditions and in 
similar fashion joins high-cltitude atmospheres. 
These continue upward to 1000 km. 

Another important point) arose. The availabie 
spring and fall soundings, although sparse, indicated 
that density at 120 km is probably very close to stand- 
ard. In these soundings, densities near 90 km are 
also shown to approach isopycnic conditions. [1 is 
apparent that if we were developing a new Standard 
today. density should be 10 to 15 percent greater than 
the present Standard just above 90 km. Since density 
variability approaches a factor of 3 around 70 km and is 
known to amount « orders of magnitude at several 
hundred kilometers, such a smal) discrepancy is not 
sufficient justification for a revision of the 1962 Stand- 
ard at this time. However, it does appear reasonable 
to provide additional realism in a report on supple- 
mentary atmospheres by including “‘spring/fall’’ 
atmospheres. The Standard appears to be a good 
representation of spring/fall conditions up to about 70 
km, above which a departure is convenient through the 
91-km isopycaic to 120 km. meeting exactly the basic 
fan:ily of high-altitude atmospheres suggested by 
Working Group Chairman Jacchia. With these con- 
siderations, a density profle can now be constructed 
which depicts mid-latitude spring/fall conditions at low 
altitudes and conditions for the heterosphere for any 
solar position and degree of solar and geomagnetic 
activity. 

In summary, the goal of these efforts is a description 
of the complete range of atmospheric properties com- 
mensurate with known systematic variations fur lower 
altitudes due to Jatitude and? seasun, and for the 
heterosphere due to solar activity and angle. Con- 
tinuity and internal consistency are maintained he- 
tween all latitudes and altitudes. Two sets of tables, 
one for the family of atmospheres below 120 km and 
the other for 120 to 1000 km. are provided. These 
families are matched at 120 km. 


Further refinements are likely in the future, espe- 
cially between 100 and 200 km, but it is believed that 
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the greatest possible correspondence with data and 
theory currently available is presented by the tables of 
atmospheric profiles in this new COESA publication. 


1.2 ATMOSPHERIC MODELS 


1.2.1 MODELS UP TO 120 KILOMETERS. — Systema- 
tic (latitudinal and seasonal) variability of properties 
of the atmosphere is shown for altitudes up to 120 km 
by a family of internally consistent Supplementary 


Atmospheres. The following atmospheres are in- 
cluded: 


Title Latitude Time of Year 
Tropic 15°N, Annual average up to 120 km. 
Subtropic 30°N, January and July to 80 km: 
winter and summer 80 to 
120 km. 

Mid-latitude 45°N. January and July to 80 km: 
winter and summer 80 to 120 
km. U.S. Standard Atmos- 
Phere, 1962 to 69 km; spring/ 
fall 69 to 120 km. 

60° N. January and July to 80 km: 

i winter and summer 80 to 
-120km, Cold and warm strat- 
ospheric-mesospheric regimes 

to 80 km for January. 

Arctic 75° N. January and July to 30 km. 

Cold and warm stratospheric 
regimes to 30 km for January. 


Subarctic 


Some special considerations employed in the de- 
velopment of this lower altitude family of atmospheres 
are: 

a. The distribution of thermodynamic propecties 
in the January and July atmospheres is consistent with 
the observed wind fields for altitudes up to 80 km. 

b. Atmospheric profiles between 80 and 120 km are 
based on empirical density profiles for the winter, 
summer, and transitional months. They provide a 
hydrostatically consistent link between the season- 
and latitude-dependent atmospheres below 8) km and 
the families of atmospheres related to diurnal and solar 
flux variability above 120 km. 

c. Atmospheric models are considered appiicable 
to the northern hemisphere only. However, it is be- 
lieved that they closely approximate conditions as far 
south ag mid-latitudes in the southern hemisphere. 

d. A north pole (90° N.) atmosphere is not provided 
in the low-altitude family of supplementary atmos- 
pheres. The 75° N. atmospheres are believed t be 
the best spp:oximetion to the 90° N. atimosphe:e shat 
can be devele:: > this time. They are limi(.d to 
an altitude of uc te the sparsity of rocket obser- 
vations at this . ue, 

e. Models presenting the vertical distribution of 
thermodynamic properties are defined by tempera- 


ture-altitude profiles in which the vertical gradients 
of molecular-scale temperature are linear with geopo- 
tential altitude. 

f. Molecular weight is assumed to be constant, 28.96 
to 80 km, decreasing above 80 km ta 26,90 in the spring/ 
fall, 27.12 in the winter, and 26.76 in the summer and 
15° N. annual atmospheres at 120 km. 

g. Special characteristics of these atmospheres, 
such as the trade inversion of the tropics and distri- 
bution of water vapor in the lower layers, are included. 

h. Special attention is given to physical features of a 
global nature, such as isopyenic levels, which help to 
tie the family of supplementary atmospheres together, 

i. A brief discussion on diurnal variability of atmos- 
pheric density for altitudes below 90 km is included 
in Part 2. 

1.2.2 MODELS ABOVE 120 KILGMETERS.—A family 
of atmospheres between 120 and 1000 km is presented 
with the following 1} exospheric temperatures: 600°, 
700°, 800°, 900°, 1000°, 1100°, 1300°, 1500°, 1700°, 
1900°, and 2100° K. Each atmosphere corresponding 
to a single exospheric temperature divides into 
separate atmospheres denoting variation with season 
below the matching altitude, Z,.. These three at- 
mospheres denote typical summer, winter, and spring/ 
fall conditions. The altitude Z,, varies systematically 
with exospheric temperature within the range 195 to 
255 km. For the lower exospheric temperatures the 
value of Zm is higher for the winter models than for 
the summer models, but for exospheric temperatures 
above 1300° K, Z» is independent of season, 

All the summer atmospheres converge to approxi- 
mately the same set of conditions at 120 km (density 
about 20 percent below the Standard), all the winter 
atmospheres approach another set of conditions (den- 
sity about 46 percent above the Standard), and all 
the spring/fail atmospheres converge to a third set 
of conditions (density 1 percent above the Standard). 


1.3. BASIC ASSUMPTIONS AND FORMULAS 


1.3.1 PRIMARY CONSTANTS. — The numerical values 
for the various thermodynainic and physical constants 
used in the computations of atmospheric properties 
are the same as those given in Table 1.2.1 of the 
1).8. Standard Atmosphere, 1962, with two excentiens. 
Surface conditions for each of the atmospheres below 
720 km are based on hemispheric mean sva-level values 
of temperature, pressure, density, and relative humid- 
ity fur the appropriate latitude and month rather than 
on standard conditions; and accelerations due to 
gravity at sea level for latitudes other than 45° N. were 
obtained from the following expression by Lambert 
(List. 1963) 


2&4 °= 9.780356 (1 + 0.0052885 sin? } 
—(.0000059 sin? 2h) m sec-?, (1, 


1 
s 


; 
: 
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For 45° N. the value of the acceleration due to gravity 
at sea level (go) was taken as 9.80665 m sec-*%, This 
value had been used in most of the earlier standard 
atmuspheres and was adopied for the U.S, Standard 
Atmosphere, 1962. It more precisely applies to a 
latitude of 45°32'33". The value at 45° N. from 
Lambert's formula is 9.80616 m sec-*, The follow. 
ing table shows values of go used in the computations: 


TABLE 1.12) ACCELERATION VALUES 


Values of go 
(m sec-*) 


Latitude 


(a 


9.78036 
9.78381 
9.79324 
9.80665, 
9.81911 
9.82860 
9,83208 


1.3.2 PERFECT GAS LAW.—It is assumed that dry 
air and water vapor-air mixture behave in accordance 
-with the perfect gas law: 


P= RF, (1.2) 


where M is the mean molecular weight, R* is the 
universal gas constant, and 7, is the virtual temper- 
ature, obtained from the empirical formula 


T 


T= 7-937%eP) | 


(1.3) 


This is the fictitious temperature which dry air must 
have at the given pressure P, in order to have the same 
density p, as a water vapor-air mixture at the same 
pressure P, temperature 7, and vapor pressure e. 
The assumption that the mixture behaves as a perfect 
gas eliminates the necessity for considering minor 
deviations from the perfect gas law such as the com- 
pressibility factor of air which is a function of pressure, 
temperature, and relative humidity. The error in 
computed densities resulting from the assumption 
that air is a perfect gas may approach 0.05 percent 
below 10 hm but becomes Jess than 0.01 percent above 
20 km (List, 1963). 

1.3.3 MOLECULAR-SCALE TEMPERATURE. — The 
molecular-scale temperature Ty is defined by 


Ts =U T (1.4) 
and 
Mo 
Tue = M T,. (1.5) 


is the corresponding relation between Ty, and the 
virtual temperature 7,; My is the mean molecular 
weight of air at sea level. Due to molecular dissocia- 
tion and diffusive separation, the mean molecular 
weight decreases with altitude above 80 km. Hence 
the value of Ty is larger than the value of T at these 
altitudes. 

1.3.4 HYDROSTATIC EQUATION.—The air is as- 
sumed to be in hydtostatic equilibrium and to satisfy 
the differential equation 


dP =— pgdZ (1.6) 


where Z denotes geometric altitude 

3.3.5 CPOPOTENTIAL.—The relationship between 
geopotential altitude and geumetric altitude developed 
in the U.S, Standard Atmosphere, 1962 is used at 45° N, 
For latitudes other than 45° N., the following expres- 
sions were used to obtain the relationship between 
geopotential altitude and geometric altitude. The 
geopotential at- a point whose geometric altitude is 
Z is given by 


=" gaz (1.7) 


where the integration is performed along the line of 
force which passes through the point. 
The geopotential altitude is given by 


me 
H=> gdZ (1.8) 


and is in geopotential meters (m‘) when the unit geo- 
potential G ia set equal to 9.80665 m® sec-2(m’)-!. 
The inverse-square law of gravitation provides an 
expression of g as a function of altitude with sufficient 
accuracy for most model atmosphere computations: 


fad ; 
ats a9 


where ris an effective earth's radius at a specific lati- 
tude as given by Lambert’s equations (List, 1963). 
Integration of Eq. (1.8) after substitution of Eq. (1.9) 
for g, yields 


_&o (12 
H=& (=) (1.10) 
or 
(e\-1 
G 


Differences between geopotential altitudes obtained 
from Eq. 0.10) and those computed from the more 
complex relationship used in developing the U.S. 
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Standard Atmasphere, 1962 are small. For example. 
values from Eq. 1.10) for 45° N. are approximately 
0.2. 0.4, and 33.3 meters greater at 90, 120, and 
700 km, respectively, than those obtained from the re- 
lationship used in the Standard. 

1.3.6 PREsSsURE.—initial pressures (sea-level 
values for each atmosphere) were obtained from 
monthly normal sea-level charts for the northern 
hemisphere (United States Weather Bureau, 1952) 
based upon a 40-year period of record and from 5-day 
normal sea-level charts (Lahey et al., 1958) based upon 
a 20-year period of record. Vertical pressure distribu: 
tions for altitudes up to 120 km were caleulated using 
the following equations with the appropriate tempera- 
ture-altitude profiles in which Ty is a linear function of 
geopotential altitude 


Le (-—e) aie 


(Leg #0) (1.12) 


Py \Tyaut L'yh 
and 
P ney ( — Salto Ge 
B= ( ar) (L'y=0) (1.13) 


where h =H — H,, 

The quantity 4, is the geopotential altitude at the 
base of a particular layer characterized by a specific 
value of L.'y, the gradient of the molecular-scale tem- 
perature with geopotential altitude. Ty. and P» are 
the respective values of Ty and P at the altitude Hp. It 
should he noted that Tu, was substituted for Ty at 
Jevels below 10 km. 

13.7 MODELS ABOVE 120 KILOMETERS, —The 
additional equations and specific techniques used to 
calculate the models above 120 km are described in 
Part 3, Section 3.1. 


1.3.8 THERMAL WIND EQUATION.—The thermal 
wind equation is 


freee .deeemgied (1.14) 
2wT sin @ aY 

where Au is the change in east-west wind component 

through the vertical layer h=H—Hp>, T is the mean 

temperature of the layer, w is angular velocity of earth, 

@ is latitude, and @7/AY the north-south temperature 

gradient. 
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1.4 DERIVED QUANTITIES 


14.1 SPEED oF souND.—The expression adapted 
for the computation of the speed of sound is the same 
as that used in the U.S. Standard Atmosphere, 1962. 


C.= (5-7) (1.15) 


where > is the ratio of specific heat of air at constant 
pressure to that at constant volume and is taken to be 
1.40 (dimensionless). Owing to the limitations of 
Eq. (1.15) at low pressures and high altitudes, tabula- 
tions of values for the speed of sound are terminated 
ac 90 km. 

1.4.2 COEFFICIENT OF VISCOSITY.—The coefh- 
cient of viscosity is fined as a coefficient of internal 
friction developed where gas regions move adjacent to 
each other at different velocities. The expression 
used te compute coefficients of viscosity in the U.S. 
Standard Atmosphere, 1962 was used for computation 
of the tables: 


we 


Pm: ie 
al one (1.16) 


where B is a constant equal to 1.45810 & kg sec"! 
m '(°K)- 2% and S is Sutherland’s constant, equal to 
110.4° K. Equation (1.16) fails for conditions of very 
high and very low temperatures and under conditions 
occurring at great altitudes. Consequently, tabular 
entries for the coefficient of viscosity have been ter- 
minated at 90 km. 

1.4.3 COEFFICIENT OF THERMAL CONDUCTIVITY. — 
The same empirical expression as that adopted for the 
1962 Standard was used to obtain the tabular values 
of the coefficient of thermal conductivity: 


6.325 x 10-7732 
k= pr pap igo uai (1.17) 


Tabular values of thermal conductivity are ter- 
minated at 90 km owing to the limitations of Eq. (1.17) 
at higher levels. 

It should be noted that in computing the derived 
quantities at altitudes below 10 km, 7, was substituted 
for T and Tw for Ty. 
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PART 2 
Atmospheric Models Up to 120 Kilometers 


2.0 INTROQUCTION 2.1 CONSTRUCTION OF ATMOSPHERIC 
MODELS FOR ALTITUDES BELOW 
The defining parameter of the Supplementary At 120 KILOMETERS 
moaspheres beluw L20 km is mwlecular-scale tempera- 
‘ture presented by linear gradients in geopotential 2.1.) BELow 80 KILOMETERS. —Temperature.alti- 


altitude. Relative humidity has been specified at 
levels up te and including 0 km in the mean annual 
15° N. and all January and July atinuspheres. The 
“mid-latitude apring/fall atmosphere is Che same as the 


_ 1962 Standard up te 69 km and consequently is a dry 
atmos bere. 


tude profiles of the mean January and July atmospheres 
at 30°, 45°, 60°, and 75° N., and the mean annual atmos- 
phere at 15°N. are based on the temperature-altitude 
cress section in Figure 2.1. The temperature distri- 
Dution shown for levels below 36 km was obtained from 
ridiosande observations. Mean northern hemispheric 
Vertical pressure and density distributiuns were values were computed at various latitudes from avail- 
caleulated front virtual temperature-altivude profiles able summaries by giving equal weight to observed and 
using the barametric equations from Part ! and ap- interpolated temperature data at each 10 degrees of 
| propriate sealtevel pressures, Tables of the -virinal longitude. Mean monthly values of relative humidity, 

temperatures und other properties of the 14 Supple- Table 2.1, were obtained in a similar manner for levels 

mentary Atmospieres, discussed in this section, ace below 10 km. The initial pressures (sea-level values 
_. given in Part 5, ce ie ae —) far each atmosphere) were obtained from monthly 
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FIGURE 2.1.—Temperature-altitude crass section fer Januery and July. 
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TABLe 2.1.— VIRTUAL TEMPERATURE STRUCTURE TO 10 KM 


Altitude 


Hymn’ 


Altitude 
Hm’ 


272.15 
268.65 
265.15 
261.65 
255.65 
243.65 
231.65 
219.65 


15° N. Annual 


Virtual Humidity 
emp. % 
T. . °K 


Virsual Humidity Virtual Humidity 
% % 


Tem 
T..” 


288.52 
285.24 
281.86 
275.10 


252.27 
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TABLE 2.1 


Altitude Virtual 
H.m' Temp 
7. °K 


(Continued) 


Humidity | Tem Virtual 
% 


Humidity 


T, °K Temp % 
T., °K 


January 


normal sea-level charts of the northern hemisphere 
(USWB 1952) based upon a 4-year period of record 
and from 5-day normal sea-level charts (Lahey et al., 
1958) based on a 20-year period of record. In the 
development of the temperature field between 30 and 
80 km, temperature, density, and pressure observa- 
tions, taken from December through February and June 
through August, were considered in arriving at mean 
monthly values for January and July. The thermal 
wind equation was employed to obtain estimates of the 
latitudinal pressure and temperature distributions from 
available zonal wind observations at various heights 
above 30 km. 

Observed characteristics of the atmosphere such 
as the level of minimum latitudinal and seasonal tem- 
perature variability near 65 km (Nordberg and Smith, 
1962), the Ievel of minimum density variability near 
90 km (Cole, 1961), and the inverse relationship be- 
tween mean menthly temperatures at 50 km and those 
near 7U km (Figures 2.2 and 2.3) were used in arriving 
at an internally consistent thermal structure for the 
Supplementary Atmospheres. 

A mean annual atmosphere rather than monthly 
atmospheres was adopted for 15° N. since the monthly 
variability of the temperature-altitude structure in the 
trepics appears to be relatively small at levels for which 
data are available. Jn addition, ihe sparsity of obser- 
vations above 30 km in trepival areas makes it im- 
practical at this time to develop monthly atmospheres 
between 30 and 80 km. Recent meteorological rocket 
network observations at Ascension, 8° S., Antigua, 
17°. N., Grand Turk, 21° N., and San Salvador, 24° N., 
and falling sphere measurements at Kwajalein, 9° N. 
(Peterson et al., 1964) leave little doubt that at equa- 
torial latitudes the seasonal variations are minimal. 

Typical features of the thermal! structure ef the 
trepical atmosphere not evident in Figure 2.1 have 
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75° N. July 


55 
45 
35 
30 
20 


been incorporated into the mean annual temperatute- 
altitude profile for 15° N. (Figure 2.3), For example, 
routine averaging of monthly temperature-altitude data 
indicates an isothermal layer about 2 km thick from 
16 to 18 km. An examination of daily observations, 
however, reveals a sharp inversion at the tropopause. 
This sharp inversiun, a feature typical of the tropical 
atmosphere, has been retained and appears at 16.5 
km, the mean annual tropopause altitude at 15°N. The 
average altitude and magnitude of the trade wind inver- 
sion, characteristic of the temperature structure be- 
tween 2 and 3 km over tropical ocean areas, elso have 
been included in the 15° N. temperature-altitude profile. 
In addition, surface temperature inversions, normally 
observed during the winter in arctic and subarctic 
regions, are incorporated into the January temperature- 
altitude profiles for 60° and 75° N. (Figure 2.2). 
Profiles representative of the cold and warm strato- 
spheric regimes observed at 60° and 75° N. in January 
are shown in Figures 2.4 and 2.5. The frequency of 
occurrence of warm and cold stratospheric regimes 
varies with longitude at both 60° and 75°N. Tempera- 
ture-altitude structures below 30 km for the cold and 
warm stratospheric regimes at 60° and 75° N. are based 
on radiosonde observations taken over northeastezn 
Canada during January and the first week of February. 
Due to insufficient rocket observations at 75° N., 
temperature-altitude profiles for January and July and 
the cold and warm winter stratospheric regimes could 
not be provided for altitudes above 30 km. The two 
regimes above 30 km at 60° N. are based primarily 
on rocket observations taken at Fort Churchill (59° N.) 
during observed cold and warm stratospheric condi- 
tions. Most of the available winter grenade observa- 
tions were taken during days with a cold stratosphere, 
whereas warm conditions were recorded by a number of 
thermistor and falling-sphere observations. The num- 
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Ficure 2.2.—Temperature-altitude profiles of the 30°, 45°, 60°, and 75° N. jianuary and mid-latitude apring/fall Supplementary Atmospheres. 
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Ficure 2.3,~Temperature-altitude profiles of the 30°, 45°. 60°, and 75° N. July and 15° N. mean annual Supplementary Atmospheres. 


ber of observations above 50 km, however, is inud2quate The first 69 km of the temperature-altitude profile 
for determining mean temperature-altitade profiles of the mid-latitude spring/fall atmosphere (Figure 2.2) : 
for these cold and warm January regimes. Conse. is the same as that for the U.S. Standard Atmosphere, i 
quently, the profiles above 50 km are intended only to 1962; the portion between 69 and 80 km is based on : 
depict temperatures typical of those obtained from the recent density observations and is intended ta approxi i 
few rocket observations made during these regimes at mate mean conditions during the periods of March/ 
Fort Churchill. April and Sepromber/October, 3 
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TABLE 2.2.—TEMPrpaTuRe (Ty, “K) STRUCTURE BrLow 120 xn TaBLe 2.2 (Continued) 

Aluide : 

Hym' : 

ad 

j 


271.65 
277.15 


110000 
AN7776 


202.15 

226.35 

273,15 

355,90 5 

216.65 

216,65 

228.65 

270.65 0000 
270.65 
252.65 
220.65 
190.65 
190,65 
210.65 
254.25 

110000 | 290.8 ‘ 382.2 

117612 


197.15 226.15 
197.15 233.65 
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2.1.2 BETWEEN 80 AND 120 KILOMETERS. —The 
Supplementary Atmospheres outlined in this section 
have been based on an analysis of experimental data, 
described in Section 2.4.2, as well as on theory. 

Estimates of the mean density deviations from Stand- 
ard, between 80 and 120 km. are shown as a function 
of latitude and season in Figure 2.6. These curves, 
which are based primarily on experimental data, con- 
nect at 80 km with the density profiles of the January 
and July atmospheres for 30°, 45°, and 60° N., the mean 
annual atmosphere for 15° N., and the mid-latitude 
spring/fall atmosphere for 45° N. which were discussed 
in the previous section. The approximate isopycnic 
level near 90 km should be noted, as well as the large 
density variation in the altitude region 110 to 120 km. 


TABLE 2,3— MOLECULAR WEIGHTS FOR SUPPLEMENTARY 
ATMOSPHERES 


Spring/Fall 
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Ficure 2.4.—Temperature-altitude profiles for 60° N. January mean 
and cold and warm regime atmospheres, 


The density curves in Figure 2.7 are essentially an 
idealization of those plotted in Figure 2.6. The 
isopycnic is more pronounced. To reduce the num- 
ber ef boundary conditions at 120 km the curves have 
been drawn into three points. The first is for spring/ 
fall conditions which match the boundary conditiuns 
used by Jacchia (1964) in the development of atmus- 
pheric models for levels above 120km. Density is 1.0] 
percent higher than the U.S. Standard Atmosphere, 
1962. The second point is for typical winter condi- 
fions with a density about 46 percent greater than 
Standard and the final point is for sninmer and tropical 
conditions with a density 20 percent lower than 
Standard. 

Models for the region 80 to 120 km were developed 
by choosing suitable temperature-altitude profiles, 
consisting of straight-line segments of molecular tem- 
perature (7y) in terms of geopotential altitude, which 
yield density profiles approximately the same as those 
shown in Figure 2.7, 

To obtain values of kinetic temperature (7) from the 
molecular temperatures it is necessary to have values 
of mean molecular weight as a function of altitude for 
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levels between 80 and 120 km. Suitable values were 
derived (Champion, 1966a) and are given in Table 2.3. 

2.1.39 DEFINING PROPERTIES. —Adepted molecular 
scale temperature-altitude structures for each of the 
14 atmospheres are shown in Table 2.2. Mean monthly 
values of relative humidity, ambient temperature, and 
the resulting virtual temperatures for the lowest 10 
km are shown in Table 2.1. Above 10 km the difference 
between virtual and ambient temperatures is insignifi- 
cant, since humidity produces a negligible virtual tem- 
perature increment at the colder temperatures. It 
should be noted that the mid-latitude spring/fall atmos- 
phere is the same as the 1962 Standard up to 69 km and 
is a dry atmosphere. 


2.2. LATITUDINAL AND SEASONAL VARIATIONS 


Maximum and minimum mean monthly temperature, 
pressure, and density do not occur at all latitudes 
between the surface and 120 km in the same month or 
season. Consequently, the tabulated properties of 
the January and July Supplementary Atmospheres 
presented in Part 5 do not represent extreme mean 
monthly conditions at all altitudes. They do, however, 
provide an indication of the magnitude of the latitudinal 
and seasonal variability which can be expected at these 
levels in the atmosphere. 

2.2.1 TEMPERATURE, Temperature extremes al 
altitudes below 20 km occur in January and July at 
most locations between 30° and 75° N. In the strato- 
sphere, however, semiannual and biennial tempera- 
ture oscillations complicate the annual temperature 
distribuiion. The magnitude of the annual cycle is 
largest at high latitudes, decreasing toward the equator. 
The amplitudes of the biennial and semiannual cycles 
are largest near the equator, decreasing teward the 
poles, The phases, as well as the amplitudes of these 
temperature oscillations, change with latitude and 
altutude. A sufheient sample of observations is not 
available above 30 km from which to establish the ver- 
tical extent and magnitude of the biennial oscillation 
in equatorial regions. North of 15° Jatitude. however, 
the annual and semiannual cycles appear lo be stronger 
and tend to obscure the biennial oscillation. Observa- 
tions show that the semiannual oscillation produces 
two pronounced maxima and minima within the annual 
stratospheric temperature cycle in tropical and sub- 
irspical regions (Cole et al., 1965). At mid-latitudes 
the combined semiannual and annual components 
shift the time of maximum temperature in the strato- 
sphere toward early June or May (Batten, 1963). 

Radiosonde data which extend to 30 km indicate that 
two thermal regimes exist in the winter stratusphere 
in arctic and subarctic regions (Figures 2.4 and 2,5). 
In January the cold regime predominates by roughly 
four-to-one overt northeastern Canada (McClain, 1961, 
Belmont, 1962), whereas the warm regime prevails by 


nearly eight-to-one in the Aleutian area. Explosive 
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Ficure 2.5.— Temperature-altitude profiles for 75° N, January mean and cold and warm regime atmospheres. 
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warmings, the abrupt change from a cold to an ex- 
tremely warm regime, occur during the winter in the 
arctic and subarctic stratosphere and mesosphere 
and can produce large departures in a given season or 
month from annual temperature cycles based on long- 
term averages. The frequency of such occurrences 
depends on longitude as well as on latitude. Recent 
meteorological rocket observations between 30 and 
50 km indicate that these explosive warmings occasion- 
ally affect the stratuspheric circulation as far south as 
Wallops Island, 38° N. 

The meridional temperature gradient (Figure 2.1) 
varies with altitude and season. In the troposphere, 
from the surface to roughly 10 km, temperatures de- 
crease toward the pole in both seasons. The north- 
south gradient, however, is much larger during January 
than July. In July there is a reversal of the meridional 
temperature gradients between 10 and 15 km; tem- 
peratures above these levels increase toward the pole 
rather than the equator. The thermal structure in 
this region is not as well defined in January because 
of the relatively large variations with latitude in the 
thickness of isothermal and near-isothermal regions 
immediately above the tropopause. 

In the upper stratosphere and lower mesosphere, 25 
to 60 km, temperatures increase toward the pole in 
July and toward the equator in January. This is in 
accord with expected seasonal variations in the solar 
heating at these altitudes. At the stratopause, the 
region of maximum temperature near 50 km, the mean 
munthly temperature at 60° N. is approximately 17° K 
warmer in July than in January. The corresponding 
change at 30° N. is 3° K. 

The meridional temperature gradients reverse again 
above 65 km and temperatures increase toward the 
pole in January and decrease in July in the upper 
mesosphere and lower thermosphere, 70 to 110 km. 
Temperatures in this region are inversely related to 
those in the stratosphere. A warm stratopause, for 
example, is normally associated with a cold mesopause. 
Grenade soundings taken in northern Sweden during 
1963 and 1964 (Witt et al., 1965) confirm the existence 
of this inverse relationship between stratopause and 
mesopause temperatures during the summer months 
at northern latitudes. Near 80 km temperatures 
average 50° K warmer in January than July at 60° N. 

Seasonal differences at this level, however, decrease 
with latitude to approximately 10° K at 30° N. 

The step function in the north-south temperature 
gradient at 120 km (Figures 2.2 and 2.3) is the result 
of an arbitrary decision to establish three sets of bound- 
ary conditions at this altitude, the interface between 
seasonally- and latitudinally-defined atmospheres 
below 120 km and the family of atmospheres related to 
solar activity above 120 km. The altitude interval 
between 100 and 180 km is the least explored region of 
the atmosphere. Operational meteorological rockets 


do not reach above 70 km, and satellites seldom orbit 
below 150 km. Consequently, data presented for this 
region are considered only an appruximation of actual 
conditions, 

2.2.2 DENSITY AND PRESSURE.—Density profiles 
for each uf the Supplementary Atmospheres are shown 
in Figures 2.8 and 2.9 as percentage departure from 
Standard. The region of minimum seasonal and 
Jatitudinal variability in density near 8 km represents 
the first isopycnic level where density remains rela- 
tively constant throughout the year regardless of luca- 
tion. A second isopycnic level appears to exist just 
above 90 km where density profiles of all latitudes and 
seasons tend to converge or cross at a density roughly 
10 percent greater than Standard (Cole, 1961; Cham- 
pion, 1965). This concept of a second isopycnic level 
near 9) km is supported by density observations and 
observed wind and temperature distributions between 
60 and 100 km. The levels cf maximum seasonal and 
latitudinal variability in atmospheric density occur 
between 65 and 75 km and 100 to 120 km, Seasonal 
variability is greatest at high latitudes. To reduce 
the number of boundary conditions at 120 km the 
density profiles (Figures 2.6 and 2.7) have been arbi- 
trarily drawn into three points. The limitations dis- 
cussed in the previous section on temperature also 
apply to density between 100 and 120 km. 

Density profiles associated with typical warm and 
cold stratospheric and mesospheric thermal regimes 
observed at 60° and 75° N. in January are shown in 
Figures 2.8 and 2.9, also in terms of percentage de- 
partures from Standard. The profiles for 60° N. in 
Figure 2.8 indicate that during January at 70 km, the 
warm regime density is approximately 80 percent 
greater than the cold regime density. Although these 
atmospheres are intended to depict typical January 
conditions, similar conditions can occur in the arctic 
and subarctic during other winter months. 

The pressure profiles in Figures 2.10 and 2.11] are 
similar to those for density. A level of minimum sea- 
sonal pressure variability exists near 85 km which 
reflects the negative correlations between tempera- 
tures at altitudes above 70 km and below 60 km. The 
limitations that apply to the density between 100 and 
120 km owing to the assumption of only three sets of 
boundary conditions at 120 km also apply to the pres- 
sure &t these altitudes. 


2.3 DIURNAL VARIATIONS OF DENSITY TO 90 
KILOMETERS 


One of the more important aspects of the variability 
of density is the diurnal variation, that is, the variation 
within a 24-hour period which remains after synoptic- 
scale effects are eliminated. Since sufficient obser- 
vational evidence is not yet available to describe 
definitively the diurnal variation between 30 and 90 
km, some speculation is necessary. 
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Ficune 2.8,— Departures of Supplementary Atmosphere densities frum Standard. 


The diurnal variation of density is attributed, in part, 
to the rise and fall of the consiant density surfaces in 
association with thermally. and gravitationally-pro- 
duced oscillations of the atmosphere. From a con- 
sideration of the relative radiational and gravitational 
forces acting on the lower and upper atmosphere, and 
taking into account the high density of the lower atmos- 
phere, one expects that oscillations of the lower atmos- 
phere should be of relatively small amplitude. Thus, 
the diurnal variation of density due to atmospheric 
oscillations at the heights of interest should be corre- 
spundingly small. 

Near sea level the diurnal range is generally 1 per- 
cent ty 6 percent of the minimum density, depending 
on climatological regime. Maximum density tends 
to occur near the time of minimum temperature, as a 
rule, shortly before sunrise. 

In the free air to a height of about 30 km, the ex- 
pected diurnal range varies from less than 1 percent to 
as much as 2 percent of the minimum density. Maxi- 
mum density is expected during nighttime below about 
10 km, aid in daytime above that altitude. 

At about 30 to 40 km, the diurnal range is expected 
to be about 2 to 5 percent. However, suitable obser- 
vational data are lacking for a final determination. 


Minimum density is expected during the day in phase 
with diurnal heating due to the absorption of solar 
radiation by ozone. 

From 45 to 90 km, the structure of diurnal density 
variability may be complicated by the variable  in- 
fluence of Junar gravitational oscillations of the atmos- 
phere. When the Junar effect is combined with the 
effect of diurnal atmospheric expansion related to the 
absorption of heat in the ozonosphere, a complicated 
diurnal density wave with variable amplitude can be 
expected. Tentative observational evidence from 
three series of ROBIN falling-sphere soundings on 10 
and 18 May 1961] and 12 October 1962 at Eglin Air 
Force Base, Florida, suggests a diurnal range of about 
10 percent, possibly as high as 25 percent, in the 
vicinity of 60 km. Maximum density occurred during 
the afternoon. At about 95 km, results from meteor 
observations (Hall, 1960) suggest a diurnal density 
range of 30 percent or more with maximum density 
during late afternoon. However, the accuracy of 
density values deduced from meteor observations is 
rather uncertain. 

krom the foregoing, it may be estimated that the 
factor by which the daytime density exceeds the 
minimum at heights of from 50 to 90 km varies from 
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Ficure 2.9, — Departures of 75° N. Atmosphere densities 
from Standard. 


1.10 to 1.25. However, at times when the lunar tidal 
oscillation and the thermally induced oscillation are 
of the same or opposite phase, this factor might take 
on values greater than 1.25 or less than 1.10, respec- 
tively. Estimated ratios of the diurnal maximum and 
minimum densities for altitudes up to 90 km are 
presented in Figure 2.12. 

The apparent existence of a quasi-isopycnic level 
near 90 km would seem to suggest that the diurnal 
variation has a minimum in this region. A minimum 
at 90 km, however, would be difficult to reconcile with 
the amplitude deduced at 95 km from meteor results. 
In view uf the uncertainty, an alternate curve has been 
entered between 70 and 90 km in Figure 2.12. It is 
emphasized that sustained vbservational series which 
might permit a definitive evaluation of the diurnal 
variations between 30 and 90 km are not yet available. 
Although Figure 2.12 clearly does not provide final 
information, it is at least indicative of the various 
unsolved problems surrounding the diurnal variation. 


2.4 SUPPORTING DATA 


2.4.1 BeLow 80 KILOMETERS. —J)ata available for 
constructing the various atmospheres to 80 km com- 


eC diosonde observations at stations within a few 

aces of latitudes 15°, 30°, 45°, 60°, and 75° N. and 
observations made from rockets and instruments 
released from rockets. The rockets were fired at the 
following locations: 


Locations Latitude 
Kwajalein 9° N. 
Eniwetok 11° N. 
Guam 13° N. 
Kauai 22° N. 
Cape Kennedy 28° N. 
Eglin AFB 30° N. 
Kindley AFB 32° N. 
White Sands Missile Range 32°N. 
Point Mugu 34°N. 
Wallops Istand 38° N. 
Tonopah Range 38° N. 
Michikawa Japan 40° N. 
Fort Churci ill, Canada 59° N. 
Fort Greely, Alaska 64°N. 
Point Barrow, Alaska 71° N. 


Ascension Island 8° S. 
Woomera, Ausiralia 3y° S. 
Aboard Ship North Atlantic 


Although there has been a recent increase in the 
number of locations taking meteorological rocket 
observations, the preponderance of available data is 
for North America. This is particularly true for levels 
above 50 km. 

Recently compiled distributions of observed data 
are compared to adopted mean monthly values for 
January and July in Figures 2.13, 2.14, 2.15, and 2.16. 
Temperatures obtained from thermistor and grenade 
observations taken at locations near 30° latitude are 
plotted with temperature-altitude profiles for the 30° N. 
atmospheres in Figure 2.13, The mean monthly 
thermistor temperatures that are shown for Point 
Mugu, 34° N., White Sands, 32° N., and Cape Kennedy, 
28° N., are based on Meteorological Rocket Network 
(MRN) observations taken during the period 1961 
through 1965. Mean seasonal grenade values are 
based on experimental observations taken at Wallops 
Island, 38° N. (Nordberg et al., 1965, Smith et al., 1964) 
and Woomera, 31° S. (Groves, 1965) during the period 
1959 through 1964. Thermistor and grenade cbserva- 
tions for each location and level, in approximate num. 
her, are given in Tables 2.4 and 2.5. Many of the 
observations were made after the atmospheric models 
were constructed. Seasonal rather than monthly 
means are presented for the grenade data because of 
the sparsity of January and July observations above 
55 km. 

A similar comparison is made in Figure 2.14 between 
the temperature-altitude profiles for the mean January 


“~ 


on ema a wena s meta 


co ane eee ZS, 
AS? N, 
Zit 
: rd \ | 


mmer Spring/Fali Winter 
“a = 


; er ee ee ee ee ee, ee ee) 
! Departure (percent) 


FicuRE 2.10. ~-Departures of Supplementary Atmosphere pressures from Standard. 


TABLE 2.4~— NUMBER OF JANUARY AND JULY MRN THERMISTOR OBSERVATIONS 


Poiat 


Cape 
Mugu 


Kennedy 


West 
} Altitude Geirinish 


km 


TABLE 2.5.—NUMBER OF CamNADe OBSERVATIONS FOR and July atmospheres for 60° N. and temperature 
ALTITUDES ABOVE 50 KM observations made at Fort Churchill, 59 N., Fort 

Se ag eet tea ae Greely, 64° N., and West Geirinish, 57° N, It should 

be noted that the Fort Greely January temperatures 
between 30 and 40 km are considerably warmer than 
7 3 B these for Churchill and West Geirinish. Radiosonde 
Summer 10 3 8 data indicate that similar differences exist at 20 to 25 
aio ee eee km. Consequently, it appears that these difference 
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Figure 2.1]. ~ Departures of 75° N. Atmoaphere preasures from 
Standard. 


are due to longitudinal variations in stratospheric 
temperatures. The Fort Greely temperatures, how- 
ever, are in close agreement with those for the 60° N. 
warm January atmosphere in Figure 2.4. 

A summary of MRN and other density data for 
January and July from locations near 30° N. and 60° N. 
latitude is provided in Figures 2.15 and 2.16. Density 
is presented as percentage departure frum the U.S. 
Standard Atmosphere, 1962. The horizontal arrows 
indicate a range in density at various levels which 
contains approximately 95 percent of the observed 
values. The data below 50 km are from MRN obser- 
vations taken in January and July and the estimated 
95 percent ranges are based en two standard devia- 
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FIGURE 2.12. — Approximate values of diurnal density variability up 
to 90 km. 


tions. The density ranges at altitudes above 50 km 
are estimates based on departures of grerade, falling 
sphere, and pressure gage measurements from individ- 
ual monthly means during the summer and winter 
seasons. Note that at the higher latitudes the distribu- 
tion of observed densities around the monthly means is 
not symmetrical. The January density distributions 
for 60° N. are based primarily on Fort Churchill data 
and are undoubtedly influenced by the two thermal 
regimes which tend to produce bimodal temperature 
distributions in the arctic and subarctic winter strato- 
sphere and mesosphere. The skewed July distribution 
is probably a result of the inadequate: dats sample. 

The indicated density variability iciudes some 
diurnal and semi-diurnal variations due te selar and 
lunar effects since the observations on which the 
estimates are based were not al] taken at the same hour 
cf the day. They also include observational errors 
which comprise part of the observed variahility, Re 
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Ficure 2.13,~ Comparison of some observed temperatures with 30° N. temperature-altitude profiles. : 
cent experimental observations between 80 and 120 mately halfway between 30° and 45° 'N., compare ; 
km are presented in Section 2.4.2. favorably with the geostrophic values computed from 

Summer and winter pressure profiles based on ap- the 30° and 45° N. atmospheres. 
proximately 61 rocket grenade soundings (Nordberg Observations are not available for a point midway 
et al., 1965) are shown as percentage departure from between 45° and 60° N. Instead, January and July oo 
Standard in Figure 2.17. These profiles, which are zonal wind observations at Fort Churchill, Fort Greely, | 4 
similar to those shown for the various models in Figure and West Geirinish, locations near 60° N., have been ; 
2.10, indicate that in this altitude range winter pres- compared in Figure 2.19 with the computed geostrophic ; 
sures are lower and summer pressures generally higher winds between 45° and 60° N. The values observed ; 
than Standard. The seasunal variation is largest at in July at Fort Churchili and Fort Greely are in rela- : 
high latitudes. It should also be noted that the range ti ely good agreement with the computed winds, : 
of seasonal and fatitudinal variations is small at bo km. Observed winds for January, however, vary consider- 
The thermal wind relationship was employed to ably with longitude. Fort Greely at 146° W. has the 
obtain estimates of the temperature distribution with lightest and West Geirinish at 7° W. the strongest zonal 
latitude from available zonal wind observations at winds, with Churchill values intermediate. An 
various altitudes between 30 and 80kin. Gevstrophic analysis of available data at Fort Churchill indicates 
zonal wind components computed from the latitudinal that strong westerly winds above 30 km normally are 
pressure gradients of the Supplementary Atmospheres associated with a cold stratosphere. The Churchill 
are compared with recent zonal wind summaries based winds which were used to determine the temperature 
on appropriate MRN and grenade observations (Figures gradient in this region were weighted on a four-to-one 
2.18 and 2.19), basis, the ratio of cold to warm stratospheric regimes 
Observed zonal winds at Wallops Island, 38° N., and in January. This provides a January wind distribution 
"Green River, 39° N. (Figure 2.18), locations apprexi- which compares favorably with the geostrophic zonal | 
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Ficure 2,14.—Comparisen of some observed temperatures with 60° N, temrerature-a'titude profiles. : 


winds computed from the pressure distribution be- 
tween the January 45° and 60° N. atmospheres. 


plotted as percen.age departures. { vm Standard in 
Figure 2.22. The 45° N. nrofiles, based on observed 
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2.4.2 BETWEEN 80 AND 120 KILOMETERS. —Data 
available for extending the latitudinal and seasonal 
atmospheres from 80 to 120 km comprise primarily 
density measurements. Summaries of recent meas- 
urements and results of previous analyses of data in 
this region are presented and discussed in this section. 

An analysis of data from 13 falling sphere firings at 
Kwajalein (Peterson et al., 1965) is contained in Figure 
2.20. The plotted curve represents the mean density 
values given as percentage departure from Standard. 
On either side of the mean curve are plotted curves 
indicating the standard deviation (Crowley and Sandlin, 
1964) of the individual observations about the observed 
means. The mean curve is considered the best avail- 
able estimate of the annual average density for 10° 
latitude. 

Results obtained by Peterson (1964) from two flights 
of radar tracked one-meter inflatable spheres at Wal- 
lops Isiand in June 196) and 1962 are shown in Figure 
2.21, Figure 2.2] also contains a mean curve and 
envelope curves which indicate the range of ubserved 
densities at 38° N. in June. 

Estimates (Kanter and Cole, 1963) of the mean sum- 
mer and winter density profiles for 45° and 60° N, are 


wind an” therraudynam: properties, are pro bly 
accurate up to 110 km buf — acertain above that 
altitude. This applies partic « cly to the crossing of 
the curves and reversal akove 123 km. The curves 
for 60° latitude are based on > ’ew measurements at 
Churchill (59° N.). The obset..d values appear to 
verify the trend toward preatcr seasunal fluctuation 
with increasing latitude. The level of maximum 
seasonal variability appears to lie between 119 and 120 
km at latitudes higher than 30°. Above this level the 
seasonal variability pret sly decreases, 

Figure 2.23 contains the results of 12 falling sphere 
density measurements. Six were made at White 
Sands (Faire and Champion, 1965) and six at Eglin 
AFB (Faire and Champion, 1966). At levels between 
60 and 80 km the measured densities range from 10 
percent greater to approximately 16 percent less 
than Standard. Between 80 and 90 km there is a 
marked change in the data. The difference between 
the observed minimum densities and the 1962 Stand- 
ard decreases until at 90 km the ubserved minimum 
values correspond to those of the Standard and the 
maximum densities are 30 percent greater than Stand- 
ard. Thus, these data suggest a mean density approxi- 


ee atti SE ns id 


sie ae ta 


up eee se ah ade eM tl 


| 
| 
| 
7 
| 


28 U.S. STANDARD ATMOSPHERE SUPPLEMENTS, 1966 


40 


Deporitura (percent) 


~” “Fycuae 2.15.— Approximate 95 percent range of observed values 
(indicated by arrows) around the density-altitude profiles for the 
January and July 30° N. Supplementary Atmospheres. 


mately 15 percent higher than Standard at90 km. At 
higher altitudes the spread of data continues. The 
measurer..:: 1s range-from several percent less to 65 
percent muse than Standard at i100 km and at 110 km 
from 20 percent less to 62 percent more than Standard, 
At 110 km the July measurements deviate from Stand- 
ard by —15 and +5 percent. The density deviations 
of three November and three February measurements 
lie between + 13 and + 62 percent, with a mean of about 
+36 percent. Two February measurements have 
negative deviations at 110 km. It is believed that 
these do not represent typical winter conditions, but 
tropical conditions. Since 30° latitude is relatively 
close to 15° latitude, where there is no winter, there 
must be a large gradient in temperature and density 
between these two latitudes, ard thus large variations 
in the properties at 30° latitude during the winter 
would be expected. 

Mean seasonal curves have been deduced from the 
data in Figure 2.23 and plotted in Figure 2.24. Data 
from the two July measurements were used to produce 
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FIGURE 2.16.—Approximate 95 percent range of observed values 
{indicated by arrows) around the density-altitude profiles for the 
January and July 60° N. Supplementary Atmospheres. 
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Ficure 2.17. —Depertures of mean rocket grenade preseures from 
Standard for summer and winter at four locations. 
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FIGURE 2.18.—Zonal wind components between 30° and 45° N, 


the summer curve and the other ten measurements 
were grouped together to yield the winter curve. The 
30° N. suggested summer and winter density curves 
are also plotted for comparison (Figure 2.24). The 
mean winter density curve is in very gvod agreement 
with the suggested curve up to 150 km, above that 
altitude the agreement i3 fair. The difficulty arises 
from the great variability of the atmosphere in this 
region (sce Figure 2.23), This is alsa demonstrated 
by the sharp change in the mean density curve at 119 
km. Up to 110 km the curve is the mean of 1 esults 
from ten rocket flights. Above this level it is the mean 
of two flights. It is obvious that the results of the latter 
measurements are significantly different from the mean 
of the other eight measurements. For the same reason 
the significance of the summer curve (based on only 
two rocket flights) is not high. 

Figure 2.25 contains the results of three recent 
winter experimental observations at Churchill, Canada 
(Faire and Champion, 1966) obtained during the 
IQSY. The flights were made after completion of the 
models contained in this book. Thus, the relatively 
good agreemest between the results and the other 
carves in Figure 2.25 constitutes confirmation of the 
models, The comparison curves are the 60° N. winter 
mean model and the 60° N. winter cold and warm 
models. 


224-468 O - 67 - 4 


Altitude (km) 


Churchill Grenades 
A Summer 1957-64 
Winter 1962-64 


X Greely 1961-65 
@ Churchill 1960-65 
@ Goirinish 1964 


Speed (msec: ') 


Ficure 2.19. -~Zonal wind components between 45° and 60° N. 


Other data that have been analyzed include the 
results of two pitot-static rocket probes at Wallops 
Islend. The flights were made on 6 June and 1 Decem- 
ber 1962 hy Taeusch and Nagy (1965). The data, 
shewn in Figure 2.26, agree with the general trends of 
other data as represented by the suggested 45° N sum. 
mer and winter density curves. The very high winter 
density values above 100 km may be partly attributed 
to outgassing effects. 

The results of eight density measurements at 
Woomera, Australia. using radar tracked inflatable 
spheres (Pearson 1965), are plotted in Figure 2.27. 
It can be seen by comparison with Figure 2.23 that, 
in general, the data are very similar to those obtained 
at the corresponding latitude in the northern hemi- 
sphere. The suggested summer and winter modeis 
for 30° N. are also shown in Figure 2,27. However, 
there are some differences in the data. For exainple, 
near 70 km the Woomera data show a region where 
the densities are higher than Standard and this does 
not occur in the Eglin and White Sands data in Fig- 
ure 2.23. An isopycnic level still appears to exist 
near 90 km, but the average density is 32 percent above 
Standard. as compared to $5 percent for northern 
hemisphere data. However, it is not clear whether 
these differences are the result of different measuring 
techniques, of relatively small samples, of differences 
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Ficuae 2.20.— Departures from Standard of the mian and standard 
deviations of 13 density measirements at Kwajalein Island. 


between the northern, and southern hemispheres, or of 
longitudinal effects. 

Values of oxygen (Oz) density as a function of 
altitude (Jursa et al., 1965) obtained by various experi- 
Mmenters are shown in Figure 2.28. The Os density 
is determined primarily by the total atmospheric 


_ density but also, above about 100 kim, by any large 


variations on the degree of dissociation (that is, the 
magnitude of the O density), Thus, at high altitudes 
the percentage vaviation in O, density wail be larger 
thea in the total density, Like the total density, the 
observed Oy density has sinall variability at ¢O kim. 
The variation increases with abitude and is large at 
120 km and higher altitudes. Tt is interesting to note 
that in Fieure 2.28 the highest O2 densities ai 120 kin 
and adjacent altitudes are those of the theoretical 
models of Barris and Priester (1962). These authors 
developed a revised set of models, published as part 
of CHKA 1965, in whieh the O2 density at 120 kin has 
been reduced from 1.2 X 10" ene 3 to 7.5% 10% om 3, 
The new value is almost identical with that at the 120 
kon end of the line drawn by Jursa et al. in Figure 2.28. 
Up 150 kin the theoretical vabies agree almost 
exactl with Hinteregger’s (961) experimental values 
ir Geated by crosses in the figure. 
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Ficure 2.21,—Departures from Standard of two falling sphere 
density measurements at Wallug s Irland. 
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Ficun® 2.22.--Departures from Standard of IGY Churchill density 
data and of early curves for winter and summer 45° aad OF N, 


Most valucgat temperature obtained for the upper 
abnosphyet are desived, in principle. fram the slope 
of density carves. These yield scale height or molec- 
ular temperature. At altitudes where oxygen dissocia- 
tion is not signifieant. molecular temperature as the 
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FIGURE 2.23. — Departures from Standard of 12 recent density measurements at White Sando and Eglin. 


same as kinetic temperature. At higher altitudes, 
values of the mean molecular weight must be known 


to deduce the kinetic temperature. Values of kinetic 


temperature can be deduced directly in the region of 


diffusive separation if the altitude profile of a single 
constituent, such as Nz or O,, is measured. Independ- 
ent methods of mieasuring kinciic temperature directly 
are mainly optical in nature. They include measure- 
ments of the Doppler broadening of resonance radiation 
from sodium or potassium and the deduction of tem- 
perature from the band emission of aluminum oxide 
by Armstrong (21963) and Blamont (1964). 
Temperatures can also be measured on a syueptic 
basis by measuring the Doppler widdh of the atomic 
oaygen airglow lines. This is particularly convenient 
te do with the 5577 A dite. 
emilted in the viemity of 95 kim, at or near the meso- 


This dine is primarily 


2. RR et A Sh i 


pause, 4 iegion of minimum temperature. Armstrong 
(1959) has obtained a considerable amount of tempera- 
ture data from observations on the 5577 A line. The 
results of 15 early measurements gave temperatures 
in the range 180° to 220° K, with a median value of 
190° K. More recent results have sometimes yielded 
temperatures as low as 150° K and, on the other hand, 
sometimes as high as several hundred degrees. In 
the latter case, Armstrong believes that the observed 
radiation must be coming largely from higher altitudes, 
near where the red line (6500 Ay is emitted. 

Recent data include those of Hernandez and Turtle 
(1965), The temperatures measured at) Bedford, 
Massachusetts (November, 1964 to February, 1965) 
lie between 150 and 200° A, with a snean of 219° Kk. 
This compares favorably, with a kinetic temperature 
of 208.5° K at 95 km in the 45°. N, winter model. “The 
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Ficuae 2.24, ~ Mean summer and winter density data for White Sands and Eglin compared with ideslized (Figure 2.7) 30° N. summer and winter 
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Ficure 2.25.—Departures from Standard of the dunsities from three recent measurements at Churchill and of the 60° N. winter mean, cold 
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FIGURE 2.26. — Departures from Standard of two pitot-static density measurements at Wallops Island and of the idealized (Figure 2.7) 45° sum- 
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FicuRE 2.27, —Departures from Standard of eight density measurements at Woomera and of the summer and winter models for 30° N. 
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Figure 2.28, - Molecular oxygen number density data between 60 and !70 km, 
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PART 3 
Atmospheric Models Above 120 Kilometers 


3.0 INTRODUCTION 


The basic defining paremeter of the Supplementary 
Atmospheres above 120 kin is a fasnily of exponential 
temperature curves. These were empirically derived 
so as to provide density-altitude profiles which are in 
agreement with satellite-drag derived densities for 
various degrees of solar and geomagnetic activity and 
varying solar angles. Such a family of atmospheres 
was defined for one boundary cordition of temperature, 
pressure, density, and molecular weight at its base, 
120 km, by Jacchia (1965) and can be considered to 
represent the annual mean or spring and fall conditions 
in lower layers. However, the eight supplementary 
atmospheres below 120 km converge at three separate 
and distinct boundary conditions at 120 km and new 
mathematical treatment was required to join these 
families realistically. 

Tables of atmospheric properties for 120 to 1000 km, 
the development of which is covered in this Part, are 
. provided in Part 6 


3.1 CONSTRUCTION OF ATMOSPHERIC 
MODELS FOR ALTITUDES ABOVE 
120 KILOMETERS 


3.1.1 SpPRING/FALL MODELS.—For altitudes aboye 
120 km the spring/fall atmospheric models presented 
here are identical with Jacchia’s (1965) static diffusion 
models. Winter and summer models, which start 
from different boundary conditions at 120 km, join 
the spring/fall models at altitudes near 225 km. A 
description of the method followed jn inining the 
homosnhcric and heterospheric models is given in 
Section 3.1.2, Here we shall give a brief description 
of how the spring/fall models were constructed. 

These models assumed the following set of fixed 
boundary conditions at 120 km: 


T= 355.0° K n(N,)=4.0 X 10"! em=3 

mty, % 10-8 aes n(Q)= 7.5 X19" em-3 
peek ea. ace n(O)= 7.6 X 10" em-3 
M = 26.90 nile) = 3.4 x 107 cm-? 


This ts the same set »f boundary conditions that had 
been si iected tor the constructicn ot the COSPAR 
International Reference Atmosphere 1965 (CIRA, 
1965) except for argon, which was neglected in view 
of its small contribution to the total density, and helium 


nena ae 


- tion of gravity. 


39 


which has a density of 2.410’ cm-Sin CIRA. Asa 
result of these changes p and M are also slightly 
different. 

Above 120 km, diffusive equilibrium was assumed, 
and the number density n, of each constituent i was 
computed as a function of the geometric altitude Z by 
integrating the diffusion equation: 


dm __ 2 Tg 


nt HH, T GB.) 


Here, T is the temperature, o the thermal-diffusion 
factor, and H; the scale height of the individual con- 
stituent, defined by 


(3.2) 


where & is the Boltzmann constant, m; the molecular 
(or atomic) mass of the constituent, and g the accelera- 
For helium, following Kockarts and 
Nicolet (1962), a value a=~--0.38 was adopted; for 
Noe, Oz, and O it was assumed that a=0. 

Hydrogen was assumed to be in diffusive equilibrium 
above 500 km, although this assumption is not entirely 
justified for temperatures above 1500° K. The values 
of n(H) at 500 km were taken from Kockarts and 
Nicolet (1962, 1963), or rather the empirical equation 
jogio n(H) = 73.13 — 39.40 logio 745.5 Voge TY? 3.3) 
was taken to repres2nt their numerical data. 

Below 500 km it is known that hydrogen is not in 
diffusive equilibrium, but at the moment, theory is not 
adequaie to calculate the density profile due to lack 
of knowledge of the fluw rate. 

A family of temperature profiles, which approach 
different asymptotic exospheric temperatures, was 
constructed by assuming, exponential curves of the 
form 


T=T,, — (Ta -- T 20) exp [— s(Z — 120)} (3.4) 
where 7, is dependent on solar activity and other 
parameters and Tj. is the boundary temperature at 


320 km. All temperatures are in °K, Z ia in kilom- 
eters, and s is a constant, different for each profile 
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and therefore a function cf T.. Appropriate values 
of s such that : :alistic density variatioas are generated 
from the temperature profiles are determined by the 
empirical equation 


3 
s=0.0291 exp (~$) (3.5) 


SNe rere tas... || Seer te 
4750 + 1.722 x 10-*(T.. — 800)? 


Once a set of models for a wide range of 7... was 
constructed, the problem remained of relating 7., to 
the various parameters that characterize the different 
factors of atmespheric variation: solar and geomag- 
netic activity, }ocation of the observer with respect to 
the sun, and so forth. Equations and tadles tor these 
conditions, based on Jacchia (1965), are given in 

~ Section 3.2. 

3.1.2 SUMMER AND WINTER MODELS.—As shown 
in Figure 2.7 (Champion, 1966) the eight supplementary 
atmospheres below 120 km converge at three different 

density values at 120 km. Starting with these bound- 


__| ary conditions, one observes that three sets of high- 


altitude models were developed: a single set applicable 

to transition season (spring and fall) conditions, a set 
In order to represent 
atmospheric behavior observed at various times of day 
during an entire solar cycle, models with a range of 
exospheric temperatures from 600° to 2100° K were 
prepared. 

The summer and winter atmospheres merge with 
the spring/fall atmospheres at altitudes near 225 km. 
The matching altitude depends on exospheric tempera- 
ture and sewson. Thus. corresponding to each exo- 
spheiie temperature, there arc three models below the 
suatching altitudes and a single model above. 

In Figere 3.1 density departures are plotted for three 
typical cases corresponding to exospheric tempera- 
tures of 600°, 1500°, and 2100° K. For each excspheric 
temperature the reference line corresponds to a dif- 
ferent density profile and furthermore the matching 
altitude Z,, is different. In fact, the matching altitude 
hes within the range 195 tu 255 km, depending upon 
the exospheric temperature and season. One condi- 
tion that can be satisfied by varying the matching 
altitude is the requirement that ail the summer models 
have the same temperature at 120 kra, 50 that they can 
be matched to the low-altitude models. Similarly, all 
the winter models must have the same temperature 
at 120 km. The matching altitudes for the summer 
and winter atmospheres are given in Table 3.2 and in 
Figure 3.2. For temperatures above 1300° K it can 
be seen that the summer and winter values of Zm are 
the same. 
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Ficure 3.1,—Density departures from the spring/fall models for 
summer aad winter with three exospheric temperatures. 


TABLE 3.).~ MATCHING ALTITUDES (Za) FOR SUMMER AND WINTER 
ATMOSPHERES AS A FUNCTION OF EXOSPHERIC TEMPERATURE 


2m (Summer) — Zam (Winter) 
k km 


The mathematical functions chosen to represent 
winter and summer density curves are 


Pu = pj (1.4848 — 0.4848 w) (3.6) 
and 
Pa = p; (0.7919 + 0.2081 yp) (3.7) 
where 
y= tanh 1.75 D+0.059 D? (3.8) 
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Ficuar 3.2.- Matching altitudes (2,.) for summer and winter 
atmospheres ay a function of exaspheric temperature. 


and 


_ 2-120 
D=7,— 120 oe 


where p; designates the appropriate density value from 
Jacchia’s (1965) models, px the winter density, pe the 
summer density, y a parameter defined by Eq. (3.8), 
and D a parameter defined by Eq. (3.9). 

In Part 6 tables are given for models with exospheric 
temperatures of 600°, 700°, 800°, 900°, 1000°, 1100°, 
1300°, 1500°, 1700°, 1900°, and 2100°K. The following 
procedure was used w obtain the values in the tables. 
Molecular-scale temperatures were calculated from 
the density curves described by Eqs. (3.6) and (3.7) 
using integration downward from the matching altitude. 
To convert to kinetic temperature, the molecular 
weight values of the spring/fall models were used as a 
first estimate. With this temperature profile. and 
boundary conditions for n(Oz), n(O), n(N2), and n(He) 
that were the spring/fall values multiplied by 1.4848 
and 0.7919 for winter and summer models, respectively, 
a new set of tables was computed. Mulecular weights 
obtained by this process were used with the 7, profile 
to obtain a revised set of kinetic temperatures. By an 
iterative process in which the temperature profile and 
boundary conditions were adjusted slightly, the sum. 


mer and winter models were matched to the corre- 
sponding spring/fall modeis at 7 and above. 

The density departures shown in Figure 3.1 are re- 
plotted in Figure 3.3, but in this case the reference 
is the 1962 Standard. Densities sre shown for an 
exospheric. temperature of 600° K, separating below 
200 km into curves for summer, winter, and spring/ 
fall. Densities corresponding to exospheric tempera- 
tures of 1500° K and 2100° K are similarly represented. 
The density departures at 300 km for models with 
exospheric temperatures of 900°, 1100°, 1300°, 1700°, 
and 1900° K are alec: marked. 

Figure 3.4 illustrates per ‘ntage density departure 
from the 1962 Standard at all latitudes corresponding 
to 1400 hours lccal time at the northern hemisphere 
summer solstice when the maximum daytime exo- 
spheric temperature is 1200° K. This figure is based 
on the type of temperature distribution in Figure 3.5. 

Figure 3.6 contains typical summer, winter, and 
spring/fall temperature profiles for 45° latitude from 
sea level to an altitude of 300 km. The three tem- 
perature curves which start at 120 km and extend 
towards 300 km are plotted from values fur the 1500° K 
exospheric temperature models in Part 5. The mean 
temperature curve from sea level to 120 km is the 
1962 Standard, whereas the summer and winter tem- 
perature profiles up to 120 km are obtained from the 
appropriate tables in Part 5. 

The values shown in Figure 3.6 are typical. Actual 
values at any particular time will depend on the 
latitude and, at the higher altitudes, also on solar 
flux and time of day, The present models are the 
first in which variations in temperature and density 
as functions of latitude, season, and other parameters 
are given continuously and at all altitudes from sea 
level to 1000 km. Figure 3.7 is the density plot ap- 
propriate to a maximum daytime exospheric tempera- 
ture of 1500° K. It should be noted that, at the higher 
altitudes, the densities are larger in comparison with 
the Standard than those plotted in Figure 3.4. 

The boundary conditions at 120 km of the high al- 
titude Supplementary Atmospheres ure given in Table 
3.2. It can be seen that each of the tabulated qnanti- 
ties varies with season. 


3.2. SYSTEMATIC VARIATIONS IN THE AT- 
MOSPHERE ABOVE 200 KILOMETERS 


Four types of atmospheric variation have been rec- 
ognized at heights greater than 200 km, namely: 

1. a variation with solar activity, 

2 a semiannual variation, 

3. a diurnal variation, and 

4. a variation with geomagnetic activity. 

Each of these variations has been found tu be re. 
lated te one of more observable varameters, and 
empirical formulas have been constructed to compute 
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1100° K 1300° K 


—60 


1500° K 


Note: Excspheric temperatures for the three 
atmospheres and, also, for five 
intermediate atmospheres, are print- 
ed at 300-km level on density curve. 


Percent Density Orpartures From 1962 Standard 


Ficure 3.3.—Departure:; from Standard of densities for summer, winter and spring/fatl models with three exospheric le nperatures, 


the exospheric temperature when these parameters 
are known. Once the exospheric temperature 7. 
has been computed, atmospheric densities and re- 
lated quantities can be found for any given height by 
interpolation between the individual profiles given in 
the Tables in Part 5. Following is a brief summary 
of the formulas to be used for computing 7,. The 
order in which the types of variation are listed does 
not refiect their relative importance; it is dictated by 
the sequence in which the computations to obtain 7, 
are to be performed. 

3.2.1 VARIATIONS WITH SOLAR ACTIVITY.—The 
parameter that can be used to best advantage to char- 
acterize sular activity is the 10.7-centimeter flux which 
is monitored by the National Research Council in 
Ottawa, Ontario. The relation between this flux 
and 7, is different, however, according to whether 


we consider the slow Hl-year cyele variatian or the 
day-to-day variation within one 27-day solar rotation. 

Variation with the solar eycle.—Let Fyy7 be the 
10.7-cm solar flux in units of 10°72 watts/m@/eyele/see 
averayed over three sular rotations, and Ty the night- 
time global migimum value of exospheric temperature 
averaged over the same time interval. The formula 


To = 362 + 3.60 Fr. (3.10) 


gives the relation between these two quantities for 
absolutely quiet geomagnetic cunditions, that is when 
the 3-hour geomagnetic planetary index is zero. Hf a 
relation for average quiet geomagnetic conditions 
(Ky,=2) is desired, the absolute term = should) be 
changed from 362 to 418. 


TABLE 2.2) BOUNDARY CONDITIONS OF SUPPLEMENTARY ATMOSPHERES, Z = 120 KILOMETERS 
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FiGune 3.5. — Temperature distribution above the thermopause according to Eqy. (3.13) and (3.14), for the case when 7, = 1000° K. Hours of 
local time, counted from midnight, are marked on the equater, (Aitof"s equal-area projection.) 


3.2.2 SEMIANNUAL VARIATION.-—-The amplitude 
of this variation is a function of the solar cycle and 
ean be related to Fier by 


= T5 +flad}Fioz (3.12) 


where 


f(d)= (0.37+ 0.14 sin ant) sin 4 

365 
and dis the number of days elapsed since January 1} 
of each year. Ty is the nighttime global minimum 
exospheric temperature. The combination of these 
two sine terms produces two unequal maxima and two 
unequal minima in the course of the year: a sec: 
ondary minimum on 8 January, a secondary maximum 
on 20 April, a primary minimum on 18 July, and a 
primary maximum on 14 October. Table 3.3) gives 
values of f(d) for the Ist, the P1th and the 21st day of 
each month. 

3.2.3 DIURNAL VARIATION. ~The distribution of 
exospheric temperature on the globe is such that the 
maximum is observed around 1400 hours local solar 
time, and the minimum around 0400 hours; both the 
maximum and the minimum are located at low lati- 
tudes. Since atmospheric densities at heights above 
200 km are greater when the temperature is higher, 
the atmosphere bulges out) slightly ino the bright 
hemisphere. producing what is often referred to as 
the “diurnal bulge.’ Let @a be the latitude of the 


TABLE 3.3) VALUES OF THE FACTOR {(d¢) FOR COMPUTING THE 
SEMIANNUAL BFFRCT 


Jan) 1—0.267 | Ape 20.218 ¢ dul 1-0.383 | Oct 14 0.434 


11 0.276 11+ 0.259 11 -—0.454 1b+0,472 
21-0.255 21+0.275 21-0.469 214+0.451 


Feb 1-0 203 | May 140.258] Aug 1-0.418 


Nav 140.366 


11 — 0,138 11 +0.200 11]—0.312 11+0.250 
21 — 0.003 21+0.119 210.163 214+0.2817 
Mar 1 0.000] Jun 1-0.010} Sep 1+0.026 | Dec 1-0.016 
11 + 0.078 11 -0,143 11+ 0.196 11-0.130 
2140.15) 21 -0.273 2) + 0.338 21-0.215 | 
[erene 2  N lia ee eee ATER ok ae] 


center of the bulge, that is, of the point where the 
highest exospheric temperature, 7x, is observed. 
Satellite drag data from 1958 to 1965 have shown that 
the ratio Tx/T is rearly constant; we shal] write 


The daytime -maximum temperature Tp and the 
nightlime mininium temperature 7, at any given lati- 
tude @ can be related to the nighttime minimura global 
temperature by 


Tn = Tol 14+ RK cos” ) 


(3.13) 
Tx =Ta( Ll +R sin™ @) 
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Ficure 3.6. — Typical summer, winter and spring/fall temperatures, 0 to 300 km, for 45° latitude with an equatorial bulge. 


where 
_1, 1 
= 510 — del and 0= 3516+ dal 


As can be seen, the exponent m controls the tem- 
perature decay from the center of the bulge in the 
north-south direction. 

We shall represent the diurnal variation at a given 
latitude @ by 


T=Ty ( +A cos" z) (3.14) 
where 


_Tn-Tsx _ p cos" 7 8in™ 6 
ae Ts =e 1+R sin™ 6 


Here 7 is a function of H*, the hour angle of the sun, 
that is, of the local solar time counted from culmination. 
This function must account for the asymmetry between 
the morning rise and evening decline of temperature, 


234 4520 67-5 


and for the difference in sharpness between the max- 
imum and the minimum in the temperature curve. 
A suitable expression for 7 is 


tT=H*+B+p sin (H*+y) (-aw<7< m7) (3.15) 


In an earlier version of this model (Jacchia, 1964), 
the latitude of the bulge, ds, had been assumed to be 
the same as that of the subsolar point (that is, d2=6., 
where 6, is the declination of the sun), and the same 
value had been assigned to the exponents m and n. 
Information from the high-inclination satellites Ex- 
plorer XIX and Explorer XXIV has led to a revised 
version of the model (Jacchia and Slowey, 1966), in 
which the bulge never moves much from the equator 
(dx = 0) and is elongated in the north-south direction 
(m<n). This seems, at least, to be the picture of 
the bulge above the F2 layer. There is good indication 
that at lower altitudes the earlier version of the bulge 
might be correct, in which case m and $n would be- 
come functions of altitude or, better, functions of 
density. 
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FIGURE 3.7, — Contours of percentage departures of density from Standard at all latitudes c orresponding to 1400 hours local time at northern 
hemisphere summer solstice with an equatorial bulge and a naximum exospheric tempersure of 1500° K. 


The recommended constants for use in the diurnal- With these constants we always have Ty/To= 1.28: the 
variation formulas are: local solar time of the temperature minimum is 0347 
R =0.28 B=-45° hours and that of the maximum is 1413 hours. The 
m=1.5 p= 12 distribution of exospheric temperature according to 
n =2.5 y=t4se this model is given in Table 3.4 and shown in Fig. 

or=0 ure 3.5. 
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3.2.4 VARIATIONS WITH GEOMAGNETIC ACTIVITY, — 
The temperature variations with geomagnetic activity 
closely follow those of the 3-hourly geomagnetic plan- 
etary index, A, or ap, with a lag of 6 to 7 hours, The 
relation between exospheric temperature and plane- 
tary index, whether one chouses ay or its nearly 
jogarithmic counterpart K,. seems to be nonlinear; 
it can be approximated by the two nearly equivalent 
formulas: 


AT= 28 K,+ 0.03 exp Ky (3.16) 


or 


AT=a,+ 100 [1 —exp (— 0.08 a,)]. (3.17) 


Here AT is the increase of temperature above the 
level that applies for the condition K,=ap=0. The 
time lag should not be forgotten in computing the 
temperature. Table 3.5 gives AT as a function of 
K,, computed with the first of the two formulas, and 
at the same time shows the correspondence between 
Ky and ay. 


TABLE 3.5) TEMPERATURE INCREMENT AS A FUNCTION OF GEOMAG- 
NETIC INDICES 


A, ap AT Ay 
Oo 0 a 5- 
or 2 9 Seu 
1. 3 WwW 54 
Vo 4 2H 6- 
V4 5 37 4 
227 6 47 a4 
2a 7 5h ri 
2+ y oh ta 
3 12 TA 7a 
3a ue BS a- 
34 18 OF H 
4+- 22 104% Bs 
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7,049 1,032 1.020 1.014 1.015 1.016 1,028 1.050 1.083 1.128 1168 7. 
1,068 1.053 1.043 1.038 1.937 1.040 1.049 1.009 1.097 1.133 11721, 
1,09) 1.079 1.071 1,067 1.066 1.008 1.076 1.092 1.114 1.143 1.1741. 
1.1176 1.108 1.102 1.099 1,099 1.101 E106 1117 1.932 1.152 1.1741, 
1.142 1.138 1.135 1.133 4.933 £134 0,937 1.142 1.150 L1G LITT. 
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tot 11667 16671661 166 1.1667. 366 1161 166 1.1001 1661 16t 1.166 
182 1 1901196 F198 F197 1.998 1 1RR 182 1 TS 16S E1601 153 1 147 
194) 210 7.227 2.226 1.224 1.217 1.207 D19S FBT D160 F152 7.139 F127 
451.007 1,079 7.071 1.007 1.066 1.068 1.076 1.002 1.114 10.143 1.174 1.2031 227 F242 9.248 1.246 1.237 1.222 1.204 1184 1 163 20491124 1106 
208 1.238 1.258 1.266 7 268 1.251 1.232 1.209 1.184 1.159 F149 1109 ) 087 
210 1.245 1.267 1.276 ).2731.259 1.238 1.212 71831153 1.124 1 086 1.071 
2101 246: 1.270 3.280 1.276 7.262 1.239 2217 1180 1.169 118 1088 1.06) 
210:1.245 1 267 1.276 .1.273 1.259 1.238 1.212 1.183 1.153 1.124 1.096 1.07] 
208 1.238 1.258 1 266 1.263 1.251 1.232 1.209 1.184 1.159 1.133 1.109 1 087 
203 1.227 1.242 1.248 1.246 1,237 1.222 1.204 1.184 1,163 3.143 1.124 1.106 
194 F210 1.227 1.226 9.224 1.217 1.207 1.194 1.81 1.166 2.152 7,139 1 127 
1B2 1.190 1.196 1.998 1197 1094 1,188 1.182 2.075 1.167 1.960 1.153 1.147 
—90 1,166 1,166 1,166 1.166 1.166 1.166 1,160 1.166 1.166 1.166 1,166 1.166 1.106 1,166 1,166 1.166 1,160 1.166 1.166 1,166 1.166 1.166 1.166 1.166 


There is no indication that AT/AA, varies with the 
hour of the day. There seems to be, however, a sub- 
stantial increase in S7/MAA, at latitudes above 50° or 
60°, that is, inthe auroral zones. Occasional increases 
by a factor of 2 to 4 have been observed, but it is not 
known whether such enhancements are regular or 
just occasional features at high latitudes. There is 
some indication that the time lag decreases a little 
at high latitudes. Jacchia et al. (1966) find a mean 
time lag of 7.2+0.2 hours for latitudes lower than 55° 
and 5.80.5 hours for latitudes higher than 55°. An 
even greater variation of the time lag with latitude 
was found by DeVries et al. (1966) from low-altitude 
Agena satellites in high-inclination orbits, 


3.3. COMPUTATION OF EXOSPHERIC 
TEMPERATURE 


Suppose, in acccrdance with the preceding formulas 
and present tables, atmospheric density is desired 
on September 15, 1963, a: 1600 GMT, at an altitude of 
420 km above sea level, for a point on the globe located 
at longitude 75° cast of Greenwich and latitude 44° 
north, 

The procedure is as follows: First, look up the daily 
mean of the 10.7-em solar flux Fio.7 for the day in 
question, which in this case is 99X10 ® watts/m*/ 
cycle/sec. Second, determine the value of the flux 
averaged over three solar rotations, that ia, over roughly 
3 months. The monthly means of Fiz for August, 
September, and October, 1963, were 8], 85, and 85, 
respectively, in the same units as the foregoing. 
Therefore, to a close approximation, Fio.7= 84. The 
needed value of the K, index 7 hours earlier, that is at 
0900 GMT, is found to be 4. The local solar time is 
1105) hours, which corresponds to a solar angle 
H*——-14°, 


Summarizing, we have: 


Fio7=99 Local Solar Time = 1105 hours 
Fyo.7 = 84 = 44. 
K,, =4, 


Variation with solar cycle, Eauation (3.10) gives 
To = 362 + 3.60 > 84 = 644.4. 
Variation with day-to-day solar activity 
Eg. 3.11) To = 644.4 + 1.8 (99 - 84) = 691.4 
Semiannual variatien. Yn Table 3.3 by interpoia- 


tion, fid) = 0.257; therefore 


Fiom 


Ty = 69).4 40.257 » 84> 713.0 


Diurnal variation. By interpolation ir Table 3.4, 
T/T) =).205; therefore, 
T= 1.205 x 713.0 = 859.2 
Variation with geomagnetic activity. From Table 
3.5, AT=114°; therefore 


¢ 
T,, =: 859-+ 114=973 

Computations of density. 7, is the final exospheric 
temperature which is used to enter the appropriate 
seasonal density table for an altitude of 420km. Look 
up the logarithm of the density, which is easier to 
interpolate, for the models corresponding to 7, = 800°, 
900°, 1000°, and 1100° K, respectively, and form Table 
3.6 complete with first and second differences. 

By interpolation, for 7,,== 973° K, it is found that 


‘Jog p=— 11,695, from which p = 2.02 x 10-38 kg m-5 


3.4 EXPERIMENTAL DATA 


From the time of the earliest satellite drag studies 
the density values have been analyzed to determine if 
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they vary systematically with latitude or season, From 
analysis of density values from 1957a, 19578, 19586 
(Sputniks 1, WH, TD and 1958y (Explorer HI) Champion 
anc Minzner (1959) found that in the 170 to 230 km 
altitude region, densities in the northern hemisphere 
winter were higher than thase at low latitudes or at 
high latitudes in the summer. 

Groves (1961) computed density data from orbital 
observations on ten Discoverer satellites during the 
period April, 1959 to October, 1960. He found, in 
general, that the change of density with latitude was 
less than 20 percent. However, in the altitude range 
190 to 240 km, he found that the aensity was higher 
at latitudes above 30° in the winter than in the sum- 
mer or at lower latitudes. The increase was as much 
as 60 percent near the pole in some cases, Some 
of these data are shown in Figure 3.8. 

Lidoy (1958) reported that latitude variations ot 
density at 230 km may be as large as 50 percent, 
Priester et al. (1960) and Paetzold and Zschorner (1961) 
pointed out similar variations, Schilling and Whit- 
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Figure 3.8,— Density versus latitude for polar regions (Jat. > 65°) and night side of earth C..T., 18 06 hrs) from Discoveres satellites, stand: 
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ney (2939) did nor find any important latitude effect 
in deusittes derived from Explorer TV (19586) data. 
The porigee altitude was approximately 255 km and 


thus the tesult im consistent 


ithe present models, 
which vive no significant latitude variation at that 
altitude. Newton et al. (1965) found on analysis of 
Explorer XVI data for the latitude range 35° to 55° N. 
that any latitude variation of density at the satellite 
altitude (about 270 hm) was less than a factor of 2. 

Figure 3.9 shows some interesting satellite density 
data derived by Small (1964). The data for altitudes 
helow 200 km are valuable because of the paucity of 
data in this altitude region. The data for 196280 
with perigee between 126 and 134 km are unique for 
a satellite, In the plot (Jacchia, 1965) the satellite 
data are divided into four groups: (1) exuspheric tem- 
perature greater than 1200° K; (2) between 1000° 
and 1200° K; (3) less than 1000° K; and (4) from 195862 
(Sputnik HI). The data from (4) were plotted sep- 
arately because they may contain a systematic error. 
The figure represents departures in log density from 
that of the spring/fall model with an exospheric tem- 
perature of 1100° K, Curves are also shown for the 
winter and summer models with the same exospheric 
temperature. The data for 196280 were obtained 
between 4 and 8 December 1962 with a perigee lati- 
tude of approximately 34° S. This corresponds to 
summer in the southern hemisphere and the agree- 
shent with the summer curve provides excellent 
confirmation of the models. At higher altitudes, the 
effect. of varying exospheric temperature (with time 
of day, solar flux, and so forth) dominates over seasonal 
effects, For example, at 180 km the values of Alog p 
are marked on the plot corresponding to exospheric 
temperature extremes of 600° and 2100° K. 

During the period of low solar flux, and consequently 
Jow exospheric temperature, it would be expected that 
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FIGURE 3.9, — Comparison of densities from drag of low-orhiting satellites with the present tables. 


appreciable diurnal density variations would he ob- 
served at relatively low altitudes. Figure 3.10 shows 
some interesting results obtained from observations 
of Cosmos satellites (Marov, 1966) which contirm this 
expectation. Perigee altitudes lay in the range 190 to 
240 km. Note that the quantity p WA, wheie A is 
density scale height, is plotted, but the variation with 
time is primarily due to that inp. Maximum values 
occur near 1400 hours and minimum values near 0400 
hours Jocal time. 

Roemer (1966) derived precise density data from 
Baker-Nunn observations of Explorer IX, Analysis 
of the data revealed a seasonal density variation of 
+25 percent at a latitude of 39° and an average alti- 
tude of 690 km. The atmospheric density at a given 
altitude was higher in winter than in summer when 
compared with the model of the atmospheric bulge 
discussed in Section 3.2. He alvo found that. the 
average time lag between the maximum of a geomag- 
netic storm and the peak in atmospheric density was 
5.2 hours. In order 10 decide whether the variations 
of the residuals in log p represent a seasonal variation 
or whether they are caused by a smaller amplitude of 
the diurnal effect, the correlation coefficient between 
the residuals and the curves was computed. A cor- 
relation coefficient: of 0.47 was obtained, compared 
with a coefiicient of 0.22 when the correlation was made 
with angular distance from the bulec, 

More recently, from a study of Expiorer XIX and 
Explorer XXIV data, Jacchia and Slowey (1966) found 
that lower residuals can be obtained with a model in 
which there is no seasonal variation at high altitudes, 
and the bulge is always centered near the equator 
and elongated in the north-south direction (m= 1.5, 
n=2.5). Keating and Prior (1966) have analyzed 
data from the same satellites (and also Explorer EX). 
Some of the results of their study are shown in Figure 
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Ficurs 3.10, ~— Diurnal variations of pVH at altitudes between 190 and 240 km from Cosmos satellites, The absciasa in local time. 


BAL where exacoheric jemperature residuals botwe cis 
predicted and observed values are plotted as a function 
of m and B; B is a constant defined by p= Bb. 
so that negative B corresponds to a winter bulge. 
These results confirm that the new model of Jacchia 
and Slowey (m=1.5, B=) gives smaller residuals 
than the earlier models (m= 2.5, B=1), but indicate 
that the residuals are stil lower with a model that 
has a density raaximum in the winter hemisphere 
(m=1. B=—1). However, the residuals are almost 
as low for a bulge centered at the equator (m= 1, 
B=0). The density measurements which indicate 
a winter bulge were made with halloon-type satel- 
lites, within the altitude interval 550 to 850 km and 
between 1961 and 1966. Data from other satellites, 
altitudes and levels of solar activity must be analyzed 
before the position ard shape of the bulge can be 
more accurately defined, 

Sume recent: precision-reduced density data from 
ground-based observations of the San Marco satel- 
lite (Kramson, 1966) are given in Table 3.7. 

The data in the first line were obtained for a 15-day 
interval around 7 January 1965, and in the second line 
for a period of 12 hours on 9 September 1965. For 
7 January 1965 the value of Jo (minimum nighttime 
exospheric temperature) calculated from the present 
models is 652.5° KK. From the satellite data Ty = 772° K 
for a latitude --34.3° and hour angle 103° The 


TaBLb 3.7. —S3AN MARCO SATELIIE DENSITY DATA 


log pr 


210.2 Km | — 12.815) ~ 12.6546 = 200 hm 
W723. 2,243] - 12.190(s © 170 ke) 


Tx =exospherie temperature at perigee 

On, 1. right ascension of perigee and sun, respee- 
tively 

4, = declination of perigee 

Zz = perigee altitude 


Pas Pr =density at perigee and reference altitude, 
respectively, in g. cm-4. 


corresponding Ty (minimum nighttime exospheric 
temperature at the given latitude) was found to he 
682.0° K and (with m= 1.5, B=0) Ty) = 652.6° K, which 
is in excellent agreement with ihe theoretical value. 
The value of T, on 9 September was computed to be 
614° K trom a density of 6.4610 ke m 4 at the 
perigee reference altitude. From these data Ty was 
calculated to be 505.8° K and 7y = 486.8° K. For this 
day the model predicts Ty = 671.6° K and T=812.2° K 
for a latitude of ~31.5° and an hour angle of 25.2°. 
This constitutes an apparently large discrepancy. 
However, the model density at 170 km corresponding 
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RMS Resictuols, “ K 


T >To $028 sin” 4) I 10.28 Gear er cost? (3) 
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d Shi 84,3} 


Prot rk 3.11. ~ Root mean square Gis) cXosphene temperature residuals for baptore: MEX 1963) 66) and Raptor: SWE (1964-06) as a lanction 
ut Band m 


to T73812,2° K is 8.08 x 10-'% kg m-3 The observed 
density is only 20 percent below this density, which 
is not a large discrepancy, particularly when consider- 
ing the diflerences: between some gauge and drag 
density data, The result’ primarily points out that 
exospheric temperature is neta good parameter with 
which to characterize atmospheric density below 
200 km. 

DeVries et al. (1906) have used multiple regression 
techniques to determine the functional dependence 
of atmospheric density. One interesting finding is that 
the delay time for the density increase following a 
geomagnetic storm varies with latitude, from near- 
instantaneous at 70° latitude to almost 22 hours for a 
satellite with perigee point near 20° jatitude. Roemer 
(1966), on the other hand, found no vanation of the 
delay time with latitudes up to 40° Jacchia has 
raised the question whether it DeVries’ stedy the 
density changes can be genuinely referred to the 
perigee location: since the eecentsicity of the orbits 
of the satellites studied was very sciall 0.013 te 0,027). 

Several experimenters have .nade mass) spectro. 
metric measure: ets of neutral composition above 
120 km. One at these is Schaefer (1966) who has 
analyzed the results of four composition measurements 
made with massenfilters. Two of the flights were at 
Churchill 1400 CST, 18 February 1965 and 0300 CST, 
19 February 1965) and two were at Wallops Island 
(0300 EST, 28 March 1963 and 1300 EST, 26 November 
1963). It should be noted that only the Churchill 
measurements constitute a genuine diurnal variation 
measurement. The data presented consist of ratios 


ef the jon currents for the different species and not the 
density ratios, However, the variation of the two 
ratios with latitude. season, and time of day should be 
the same. The data clearly show that the O/Oz ratio 
is larger during the daytime than at night and also 
larger at Wallops Island than at Churchill, as can be 
seen in Figure 3.12. Both observations ure consistent 
with larger values of O/O2 occurring when the solar 
EUV flux which causes the dissociation is larger. 
Observations are also consistent: with the present 
models which show that the O/Q: ratio is greater in 
the summer than in the winter. 

Hedin et al, () 964) and Hedin and Nier (1965) have 
made a rather thorough analysis of the results obtained 
from a flight of a magnetic mass spectrometer at White 
Sands at 0730 MST on 6 June 1963. They give num- 
her densities of Nz, Oz. O, and Ar. The temperature 
profile, as detern ined by the slopes of the curves, is 
in satisfactory agreement with the CIRA 1965 models. 
However, the number densities of the various species 
are Jower than the model values. When compared 
with the corresponding CURA model the measured 
O2 and O number densities are iower by a factor of 
2.0, whereas the Ny densities are lower by a factor of 
12. When compared with the models in Part 6, the 
densities are found to be much closer at 120 km, but 
the discrepancy is greater at 200 km, as can be seen 
in Figure 3.23.) At 120 kim the rativus are 1.5 for O, 
and © and 1.1 for Nz: at 200 kim the ratios are 3.4 for 
O,, 2.5 tor O, and 2.} for N,. Some of the dis crepancy 
is probably duc to calibration inaccuracies. “Phere 
are three sources of this: (1) statistical errors ranging 
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Ficura 3.!2.-- Latitude variation of a(O)/n{(O;) for nighttime 
measurements. 


from 5 percent at the highest altitude to 30 percent at 
the lowest altitude for the Ny profile and possibly higher 
for the other density curves; (2) an error of up to 50 
percent in the laboratory calibration; (3) an error due te 
limitations of the theory used to relate the measure- 
ments made under dynamic conditions te the ambient 
density. 

Some interesting density and temperature measure- 
ments have been made by Spencer et al. (1965). 
Kesults are available from = six thermosphere probe 
flights in which the Nz density was measured as a 
function of altitude with an omegatron gauge. Tem- 
peratures are deduced from the slopes of the N, prro- 
files. The measurements were made at Wallops 
Island at various times of day and year between 
November 1962 and March 1965. in general, the 
densities are lowe: than ihe comespoudiag modeis by 
about a factor of 2.0 The temperature profiles from the 
four earlier flights are shown in Figure 3.14. They are 
in moderate agreement with tse CIRA 1965 (Harris 
and Priester, 1964) model temperatures. For the 
two most recent flights the agreement of the tempera- 
ture profile for the night measurement with both the 
CIRA and U.S. Supplementary models is satisfactory, 
hut for the day measurement the agreement is much 
better with the U.S. Supplementary model. Spencer 
et al. (1965) conclude that “the assumption, for model 
atmosphere purposes, of constant boundary conditions 
at 120 km should be expanded to reflect, probably, a 
significant diurnal variation.” The authors are in 
wzeneral agreement with this statement and had previ- 
ously suggested the same conclusion with regard to 
Jatitude and seasonal variations (Champien, 1966). It 
is believed thal there probably is also a diurnal varia- 
tion of properties at 120 km, but the present data do 
not previde conclusive evidence as to its nature. 


It should be noted that whereas the temperatures 
deduced by Spencer et al. (1965) tend to be low, those 
derived by Hedin et al. (1964) are higher than the sup- 
plementary models between 170 and 200 km and about 
the same as the models between 130 and 170 km. 

Brandy (1964, 1965) has deduced rotational tempera- 
tures from the NZ 3914 A band emission during 
auroras at Churchill, Although there is « possibility 
that the rotational temperature may differ fram the 
kinetic temperature, a least the altitude tu be assigned 
to the measurement can be determined by means of 
the technique of triangulation, During the study over 
800 measurements were made, which included 75 
simultaneous altitude and temperature measurements, 
Data were obtained from auroras of intensity ranging 
from J te slightly over HE Phe observed rotational 
Temperatures are plotted in Figure 3.15. Taking inte 
account seasonal variations and the effects of solar 
flux and magnetic index, one notes the approximate 
expected temperature ranges from the tables: in Parts 
5 and 6, given as a function of altitude in Table 3.8. 


Tance 3.5. —TEMPEBATURE RANGE AS & FUNCTION OF ALTITUDE 


| i a eat 


Altitude Temperature Range 
kin “kK 


BO 171-224 
1m) 190 218 
120 334- 280 
140) 467-574 
| 164) aitt-O71 


Between 80 and 120 km, agreement between the experi 
mental data and the models is reasonable, although 
the scatter of the experimental data is large. Probably 
the seaiter is to be attributed primarily to disturbed 
atmospheric conditions that cxist during aurora, but 
may also he partly attributed to differences between 
the rotational and kinetic teraperatures, Above 140 
km the observed temperatures are definitely lower 
than those of the models, 

Bourdeau et al. (1964) have compared exospheric 
temperatures deduced from satellite drag observations 
with the intensity of extreme ultravialet radiation 
measured by OSO-1.) The EUV flux observed during 
the interval March to May 1962 is shown in Figure 
3.16a. The plotted values represent the sum of the 
intensities of the twenty-two most prominent lites in 
the wavelength range 170 to 370 A. of course, these 
lines represent only a fraction of the U¥ up to 1750 A 
which deposits encrgy in the atmosphere by either 
photo-dissociation or phote-ionization, In Figure 
3.16b is plotted the exospheric temperature; in Figure 
3.16¢ the 2800 Me/sec solar Aux; and in Figure 3.16d 
the geomagnetic index (2A,). Superficially there 
appears to be good correlation between the ECV flux 
and the observed cxospheric temperatures. How- 
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FIGURE 3.13, — Measured Nz, Oz, and Q profiles at White Sanda compared with values from the appropriate Supplementary model. 


ever, the comparison is made for only a short period 
of time and much more observational evidence is 
required before conchisions can be made. 


3.5 DENSITY CATA FOR ALTITUDES ABOVE 
250 KILOMETERS 


For altitudes greater than 250 kin the observational 
material on which the present atmospheric models are 
based consists entirely of densities determined from 
the atmospheric drag on artificial satellites. Table 
3.9 gives a list of the satellites that were used for drag 
analysis. The original density data up to the end of 
September 1963 have been published by Jacehia and 


Slowey (1965). No suitable satellites with perigee 
altitudes lower than 250 hm were available fur drag 
analysis in the construction of the original density 
models Qacchia, 1964) on which the present models 
are based. 

Checks on the models were provided by the yearly 
average daytvne and nighttime density profiles deter- 
mined from raany artificial satellites by King-Hele and 
collaborators at the Royal Atreraft) Es:ablishment, 
Farnborough, England. See, for esample, King-Hele 
and Quinn (1965). 

3.5.1 COMPARISON OF MODELS WITH DENSITIES 
FROM SATELLITE DRAG. — In the homosphere and lower 
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Figure 3.14.—N. temperature protiles measured with an omegatron compared wath model atmosphere profiles. 


TABLE 3.9. — SATELLITES FoED FOR DETERMINENG ATMOSPHORYG DENSI ELS 


seer enn 


2 Seale Fy” 


mr Var eee ty ERRNO STE nS ters cee 


Time resclation (days) of 


Periger Apogee density determinations 
Satellites Attitude | Altitade | Tnelination Alm Time Interval oe ae Sai on encee mney, 
kin kin deg | emf 
Quiet Mug netic 
Conditions Stornis 
*San Marco 2(K) | BH) 376 0.032 Dee od- Q.5 0.2 
(1964 -BtAi Feb 1965 
Injin HT 250 2500) 704 G70 Dew 1962- kd) 0.2 
(1962472) Aug 1965 
Explorer XVI 2u) HO 57.6 6.036 Apr 196%- 14 0.2 
(19631) Oet 965 
Explorer 3541 2000 33.2 O17 Feb 1958- 10 (243,85 
(1958er) Aup 1965 
Explorer VE 425 225) 50,0 0.1) Nav 19606 - 2.0 0.5 
(196051) Aug 14965 
Vanguad tH 515 3720 33.3 0,17 Sepe 1O59- 2.) 0.5 
(1959) | Sept 1962 
“Explorer XXEV Bo) 2H | HI 12,2 May Dt 6 5 
(1904-704) Auge 1965 
Vanguard I a65 3300 32.4 O24 Feb 1959 2.5-5.0 10 
(195901) Aug 1965 
“Explorer XOX 615) |) 2400 74.6 13.9 Der 1903- 1.0 20 OS 
(1963 -53A) Aug 1965 
Vanouscd I Obl 3950 34.2 0,25 May 158 2.55.0 1.0 
(104BB2) Oot 196) 
Explorer 1X 4AM THU 251K) 38.9 15.8 Fel 1961 O5 02 
(G61) Sept 1963 


"The satelites marked wath ap asterk were Jaan bed ton dade tobe Used ge the construction uf the densily models. They ded, however, 
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Ficure 3,15. - Rotational temperature versus altitude at Churchill, 
Data for 1964 and 1965. 


thermosphere, at altitudes below 150 km, density 
variations are relatively small, hardly ever exceeding a 
factor of 3, At greater altitudes, however, density 
variations rapidly increase, reaching a factor of 12 at 
300 km. of 50 at 400 km, of 150 at 500 km, and a maxi- 
mum of 200 or more near 600 km. In consideration 
of the magnitude of these variations, the systematic 
and even the random residuals obtained when compar: 
ing density observations with the present models are 
surprisingly ¢ mall. 

A typical example of the density errors that can be 
expected when the models are used with computed 
values of 7, is given in Table 3.10. This table lists 
mean deviations from the tables of Part 6, standaid 
deviations for individual density determinations made 
at 2-day intervals and the standard deviations of the 
10-day mean densities, all for 4 separate years of ohser- 
vations of the Explorer VIII satellite (1960€2), The 
deviations include the systematic and accidental 
errors in the determinations of the densities, 


TABLE 3.20. — DEPARTURE: FROM THE MODELS OF EXPLORER VIE 
DRAG DENSITIES 


an ne er 
Mean SD of One SD of 
Time Interval Deviation) Density Value{ 10-Day Means 
2 & 


Nov 1960- Oct 196] 
Nov 1961 et 1962 
Nov 1962 Oct 1963 
Nov 1963-Oce 1964 


The systematic trend in the mean deviation is attrib- 
utable in part to imperfections in the relation between 
T,, and Fyy7, and in part to the failure of the tables to 
represent exactly the variation of density with 7, at 
the perigee altitude of the satellite (425 km). 

Error statistics are not availabe for all satellites 
that have contributed data for the construction of these 
models. We can, however, give a few additional 
statisties. Ten-day deasity means from the drag of the 
Explorer | satellite (average perigee altitude 350 km), 
covering the 74/2 years from February 1958 to October 
1965, when converted to temperatures with the present 
models, are represented with a mean residual of — 18° 
and an arithmetic mean of the residuals, irrespective 
of sign, of 44° If we assume that the mean exo: 
spheric temperature during this interval was about 
1000° kK, the corresponding mean residual in log p 
would be —0.027, or about —6.5 percent inp; the 
mean of the absolute values of the individual residuals 
would turn out to be 0.066 in log p, or about 15 percent 
in p. A similar analvsis for Explorer XXIV, with an 
average perigee altitude of 545 km gives for 10-day 
means, from November 1964 to August 1965, a mean 
residual of 3.6° (corresponding to —3 percent in den- 
sity), and a mean absulute value of the residuals of 
19.7° (17 percent in density). 

Densities and temperatures derived from the drag 
of the Explorer I satellite (19580) are compared in 
Figure 3.17 with solar and geomagnetic parameters. 
The decrease in density and temperature parallels the 
decrease in the 10.7-em solar flux during the five-year 
period covered by the diagram. The regular oscilla- 
tions with a period of about 250 days are caused by the 
motion of the satellite perigee in and out of the diurnal 
bulge. Visible also are the 27-day oscillations, in 
phase with those of the 10.7-cm solar flux, and a few 
perturbations caused by major magnetic storms, 
Schematic curves of the diurnal and semiannual varia- 
tions are added to aid in their recognition in the plots 
of satellite data. The short period oscillations in the 
theoretical diurnal-variation curve are caused by the 
rapid variations in latitude of the satellite perigee. 

Densities and temperatures derived from the drag 
of the Explorer IX satellite (196151) are compared 
with the geomagnetic index a, and ine 19.7-cm solar 
flux (Fivure 3,18) The drag was 
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Ficure 3.16. -- Comparison of the EUV flux with the exospheric temperature. the 2800 Mc/sec sular flux, and the geomagnetic index Zk,. 
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FICURE 3.17. — Densities and temperatures derived from the drag of the Explorer I satellite (1958a), compared with solar and geomagnetic 


Parameters. 


precise position measurements on photographs taken 
with the Baker-Nunn cameras. Notice the 27-day 
oscillations in phase with the 10.7-cm flux and the per- 
turbations in phase with geomagnetic disturbances. 
Day and night density profiles in the upper atmos- 
phere corresponding to extreme conditions at sunspot 
minimum and at a time of eyceptionally high solar 
activity are showa in Figure 3.19, 

Daytime maximum and nighttime minimum tem- 
peratures above the thermopause deduced from density 
data are shown in Figure 3.20 as a function of the 10.7- 
em solar flux. Data are averaged over two or three 
solar rotations. Opn circles denote individual 
maxima deduced from satellite drag curves. Dots 
indicate temperatures reduced to the nighttime min- 
imum at times when the curve of the semiannual 
temperature variation was close to the annual average. 
The temperatures in this diagram must be considered 
as referred to average quiet geomagnetic conditions 
(Kp = 2 or ap= 7). 

3.5.2 DIRECT MEASUREMENTS OF DENSITY.—A 
number of satellites have been instrumented with 


MJD is the abscissa in the Madified Julian Day (JD minus 2400000. 5). 


Pressure gauges, mass spectrometers or accelerom- 
eters. Each of these instruments can provide an 
instantaneous measuremeni of density, independent 
of that deduced from orbital observations of a satellite. 
The instrumented satellites include San Marco 
(accelerometer), Snapshot (ionization gauge) and 
Expiorer XVII (gauges and mass spectrometers), 
Figure 3.21 containg data obtained from Explorer 
XVII (Newton et al., 1965) between April and June 
1963 during passes over the northern hemisphere 
mid-latitude minitrack stations, and plotted without 
regard for local time, geomagnetic or solar activity. 
Due to orbit characteristics, the local times of the data 
for altitudes above 400 km are usually between 0 and 
0600 hours. The data below 400 km are more gen- 
erally distributed throughout the day. The compari- 
3on models in Figure 3,2] are from Harris and Priester 
(1962). The Supplementary Atmosphere model with 
exospheric temperature 650°K (corresponding to 
F=82, K,=0) is almost identical with Harris and 
Priester (S = 90, 0400 hours). If Kp=2 (a more typical 
value) the exospheric temperature in 700°K and the 
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Ficure 3,18. — Densities and temperatures derived trom the drag of the Explorer IX satellite (196161), compared with the geumagnetic 
index a, and the 10.7-cm solar flux. 
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Pietre 3.19.—Day and night density profiles in the upper atmosphere af sunspot minimum dnd at a time of exceptionally high solar activity. 


density curve is a little higher than the Harris and 
Priester 0400 hours curve. 

There is evidence in the data of density fluctuations 
which do not correlate with any known index. For 
example, a density variation occurring on ) June 1963 
correlates with an increased zenith intensity of the 
6300 A oxygen line. It might be that these fluctuations 
reflect local perturbations with horizontal dimensions 
of the order of a few thousand kilometers. The 1 1- 
plication of these variations is that caution should 
be exercised in interpreting results obtained by com- 
bining directly measured parameters with model 
atmosphete values. 

Explorer XVI contained magnetic mass spectrom: 
eters to obtain data on the concentrations of the major 
neutral atmospheric components (Reber and Nicolet, 
1965), Densities of N,, O, and He were obtained. 
Figure 3.22 is representative of the results and shows 
helium number densities plotted versus altitude for 
local times between 0400 and 2100 hours, These 
measurements were made in both northern and south- 


ern hemispheres during the last two weeks in May 
1963. A diffusive model profile for T= 800° K ire- 
duced in absolute value by 3) is shown for reference. 
(The exospheric temperature from the models for the 
time of the measurements was approximately 700° K 
and the theoretical curve for this temperature is in 
much better agreement with the data.) 

An unexpected result of the observations was the 
large variability of the absolute concentrations and 
ratios of concentrations of the components: measured 
at the same altitudes and local times (and with the 
same measuring equipment) on successive days. 
There is a strong sensitivity to changes in magnetic 
activity. Some of the variations cannot be explained 
entirely on the basis of temperature changes in the 
upper atmosphere, but must be attributed to changes 
in the boundary conditions at the base of the diffusive 
atmosphere. Further investigations are clearly re- 
quired in order to define the source of these variations 
and their relation to the various energy inputs to the 
atmosphere. 
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Ficure 3.20.—Daytime maximum and nighttime minimum temper- 
atures above the thermopause as a function of the 10.7-em solar 
flux, Qpen circles; individual maxima deduced from satellite 
drag curves. Circled dots: individual minima deduced from 
satellite drag curves. Dots: temperatures reduced to the 
nighttime minimum at times when the curve of the semiannual 
temperature variation wee close to the annual average. 


3.6 UMITATIONS OF HIGH-ALTITUDE MODELS 


Simple static models cannot represent to consplete 
satisfaction the properties of the upper atmosphere 
through all its manifold variations. Even if they were 
perfect, static models would represent only idealized 
equilibrium conditions that are never realized owing 
to the perpetual presence of rapid temperature fluc- 
tuations, such as the diurnal variation and variation 
associated with geomagnetic activity. If the tem- 
perature variation necessary to produce a given density 
change at a given altitude is correct when the variation 
is caused by changes in solar activity in the 1)-year 
cycle, then it cannot be correct when the same change 
in density is caused by the diurnal variation. This 
does not mean that we cannot reproduce, and even 
with good approximation, the diurnal variation in 
density; we can, but to obtain the observed density 
change we shall have to use a fictitious temperature 
variation that may be at some variance with reality. 
The ‘uations in Section 3.2 that relate T, to locel 
solar time and to K, or ay must be considered in this 
light; the aim was to reproduce the observed density 
variations, and we cannot guarantee that the corres- 
ponding temperature variations are correct. 

Jn addition, we must consider the fact that, owing 
to the many oversimplifications one is obliged tv intro- 


duce for construction of any atmospheric model, our 
models cannot be expected to reproduce to complete 
satisfaction even idealized static conditions. One of 
the most serious oversimplifications is certainly that 
of the invariance (except for seasonal variation) of the 
boundary conditions at 120 km through all the varia- 
tions at greater altitudes, an assumption forced on us 
by lack of information. By systematically changing 
these boundary conditions with 7,, we could find 
different sets of temperature profiles that would repro. 
duce the observed densities with comparable accu- 
racy. Stein and Watae: (1964) estimate that the 
present state of our knowledge concerning the lower 
thermosphere allows such a leeway that all exospheric 
temperatures could be in error by as much as 25 
percent. 

One of the consequences of the arbitrary isopycnic 
layer at 120 km is the emergence in the models of 
a quasi-isopycnic layer, which at times of low solar 
activity lies at 100 km, but rises to 200 km at times of 
hig solar activity. In the region between 120 km and 
th’ second quasi-isopyenic layer, the variations in 
density with temperature are inverted with respect 
to those above it, that is, an increase in tempevature 
engenders a decrease in density. We know that this 
is not so, at least jor two types of variation, In 1957 
and 1958, near sunspot maximum, the drag of Sputnik 
Il (perigee height 200 tv 210 km) showed lively fluc- 
tuations in phase with the decimetric solar flux, al- 
though according to the models there should not have 
been any: and in 1963 and 1964 (sunspot minimum) 
marked variations with geomagnetic activity were 
observed, in phase with those in the exosphere, at 
heights as low as 160 kn.. 

The difficulties due to the arbitrary isopycnic level 
at 120 km are partially relieved by having three sets 
of boundary conditions at that altitude. This makes 
it possible to represent typical seasonal variations in 
properties at 120 km and higher altitudes. The same 
technique can be used to represent changes with time 
of day, solar flux, and magnetic index when these 
variations are known. 

It should also be kept in mind that the mechanisms 
that cause the different types of atmospheric variation 
may involve energy dissipation at different altitude 
Jevels, and that this can be another source of distortion 
of the temperature profiles. 

it must also be remembered that the relation be- 
tween exospheric temperature and solar activity was 
derived from only the descending half of one solar 
cycle, which happened to be the most spectacular of 
all cycles observed since 1749. Jf the relation holds 
without change throughout a cycle and from one cycle 
to another, the exceptional nature of the last cycle 
may prove to have been a boon, inasmuch as it allowed 
the models to cover the largest possible range of 
density variation. Nevertheless, we cannot Gscouni 
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FiIGuRE 3.21.— Measured atmospheric density versus altitude obtained for pases over the northern hemisphere mid-latitude minitrack stations, 
Data plotted without regard for local time, geomagnetic or solar activity. 


the possibility, however unlikely, that the relation 
between atmospheric temperature and solar activity 
may not be maintained during a period of increasing 
sunspot activity. 

We must not forget the possibility of a systematic 
error in the density tables caused by our imperfect 
knowledge of the drag coefficient of satellites. Atmos- 
pheric densitics are generally dezermined assuming 
a constant value, Cp =2.2. In a recent paper on satet- 
lite drag coefficients, Cook (1966) concluded: “Between 
heights of 140 and 400 km at times of low solar activity, 
or heights of 140 to 600 km at times of high solar activ- 
ity, the drag coefficient is almost independent of height, 
and at present for most satellites, because of the lack 
of decisive evidence, there is perhaps not sufficient 
reason to abandon the value of 2.2, which has been 
widely used in recent years for the drag cuefficient. 
It must be recognized, however, that this value is 
subject to some uncertainties and may be too low, 
perhaps by as much as 10 percent. At heights above 
400 km (low ‘solar activity) or 600 km (high solar 
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activity) the drag coefficient increases with height.” 

According to Cook, the Crag coefficient Cy should 
increase to an asymptotic value of 2.6 to 2.7, which 
is nearly reached at 800 km at times of low solar 
activity. The relative uncertainty in Cp, however, 
should not increase with altitude; the likely error is 
estimated at 15 percent, while the maximum possible 
error is about 30 percent. 

Since a density value computed from. satellite 
drag is itiversely proportional to the assumed value of 
Cp, we must count on similar uncertainties from this 
cause in the inedel densities below 600 km at times 
of high solar activity, and below 400 km at times of 
Jow solar activity. Above these levels there is the 
likelihood of a systematic error, increasing with 
altitude, that will make the computed densities a 
little too high, on account of the assumed constancy 
of Cp. 

There has been much discussion about the discrep- 
ancy between the densities derived from satellite 
drag and these computed fiens ihe output of density 


ia 
Siew Fe aay <P ORES A Niaeata cscgreations onsen a REINER > HOR RUPLI A AOR LY ORO, ib a ar AME eer bitte mgt ee gaa Oa tats iby | Se Mab ee | 
62 U.S. STANDARD ATMOSPHERE SUPPLEMENTS, 1964 
800 
Explorer XVU 

700 

650 

600 800 JOB 

© 
795 OOM 
e 
a %@ 765 00M 


' Ahitude (km) 
3 


888 JOB 


e 
450 


400 


787 COL 


350 @772c01r ©5603 Qui 


J 
817 COL® 02 COL 


© 728 COL 


743 COi ng 
e 66 


eT Te 


Pom 


300 


Qo 817 FIM 
724 WNK 


446 BPO ww 


83) 5 a BP 


250 


tot 10° 10* 107 
Number Density (cm 7) 


Ficure 3.22.— Helium number densities versus altitude for local times between 0400 and 2100 hours during May, 1403. A diffusive model 
profile foz 7 = 800" K (reduced in absolute value by three) is shown for reference. 
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gauges on the Explorer XVIE satellite (Newton et al. 
1964), which appear to be about half the former. 1k 
is the opinion of Cook (1965) that the uncertainty in the 
drag coeficicnt, the primary physical parameter for 
which some assumptions have to be made in the drag 
method, is too small te explain the discrepancy. 

A word of caution about hydrogen is necessary. 
At times of high and even moderaic solar activity the 
contribution of hydregen to the total density is neg- 
ligible for altitudes up to 1000 km. The situation is 
guite different at times of low solar activity. In the 
model corresponding to an exospheric temperature 
of 700° Ky the number density of hydrogen overtakes 
that of helium at 900 km, whereas in the model for 
0° K the crossover point is down to 510 km. Hy- 
diogen is the only constituent for which the densities 
xiven in the model rely entirely on theory, and more- 
over it is the only constituent for which the tetal 
mass in the atmosphere should vary greatly with 
exospheric temperature, heeause of the effect of the 
latter on the eseape rate. 

In addition to the uncertainties that obviously exist 
in the theory, we must warn the reader that Eq. (3.3), 
which fixes the boundary conditions for hydrogen at 
500 km, was fitted to Kockarts and Nicolet’s (1962, 
1963) theoretical hydrogen concentrations, which had 
been computed for temperatures between 2000 and 
750° K. Thus, below 750° K the results from Eq. 
(3.3) represent an extrapolation. According to the 
models, in the region above 840 km there is an actual 
increase of density when the exospheric temperature 
drops from 700° to 600° K. Recent results froin the 
Explorer XIX satellite (Jaechia and Slowey, 1966) 
indicate that the hydrogen concentrations given by 
the models for temperatures below 700° K are too 
high, so that it appears doubtful that the inversion of 
the covariance of density with temperature in the 
exosphere occurs in the real atmosphere within the 
tabular range of temperatures and altitudes. A useful 
rule is to distrust: model densities when hydrogen 
is the major constituent. Only the models for 600° K 
and 700° K are affected; the first above 500 km and the 
second above 800 km, 


The uncertainty concerning hydrogen is one of many 
that are encountered in the exosphere. ‘There are 
disquieting signs that eur models of atmospheric 
variations, derived from satellites with perigee al- 
titudes moatly below 500 km, cannot be trusted at 
much yreater altitudes. For example, Cook (1960) 
finds from the drag ef Reho HE during 1964 and 1965 
that a’ -9 altitude of 1100 km there is little evidence 
for ac. aal variatien. On the other hand, the semi- 
anoual variation, with a range of a factor of 3 in the 
densities, emerges as the unly significant Huctuation 
al that altitude. The ion density in the F2 layer, as 
evidenced by observations of the critical frequency 
Jo 2, shows a large semiannual oscillation in phase 
with the density variations of the neutral atmosphere 
(Radicella and Cosio de Ragone, 1966). This Jends 
support to the view expressed by King and oh! (1965) 
and by Jaechia and Slowey (1966) that there might be 
a causal relation between ion density and neutral-gas 
temnerature in the diurnal variation. 

Jons propelled by electric forces in the geomagnetic 
field (Martyn, 1966) may be responsible for the 100 
miesee ' mass transport of the neutral atmosphere in 
an easterly direction, at altitudes between 200 and 300 
km, deduced by King-Hele and Scott (1966) cron the 
secular variations in the orbital inclinations ¢; satel: 
lites. Winds of this magnituee are hound to affect 
the global distribution of temperatures at) thesmo- 
spheric levels. At greater altitudes, where jons are 
free to move with lithe: chance of collisions, we can 
expect the penetration of ions, driven along magnetic 
lines of force through the neutral atmosphere, to dis- 
tort the density distribution computed according ta 
the laws of diffusion. Under these conditions, the 
departure from hydrostatic equiflrium can also be 
expected to become a serious fgetor. The altitude at 
which the mean free path of a neutral particle is equal 
to the atmespherice scale height is about 900 km when 
the exospheric temperature is 2000° K, but it drops 
to 500 km for 1000° K and to 350 kim for 600° K. At 
sunspot minimum, therefore, exospheric conditions 
prevail at altitudes as low as 350 to 400 km. 
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PART 4 
Additional information Relating to the Atmosphere 
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PART 4 


Additional Information Relating to the Atmosphere 


4.0 INTRODUCTION 


During the peried covering COES 4's development 
af the majer contributions of this publieation, the 
supplementary tables of the atmosphere of Farts 5 
and 6, the need for seme related material has }een 
recognized. This need includes) mathematical ex- 
pressions that can be used te approaimate the detailed 
profiles of pressure and density of the 1962 Standard 
to 200 kin and these 1966 Supplements te 80 km; ozone 
distribution to 50 km, and alitude-latitude relation. 
ships for locating at the correet geometric altinide the 
atmospheric data in the tables of Part 6 which are 
presented only for standard latitude. 


4.1 ANALYTIC APPROXIMATIONS OF ATMOS- 
PHERIC PRESSURE AND DENSITY 
4.1.1 U.S. STANDARD ATMOSPHERE, 1962.—The 


basis for the U.S. Standard Atmosphere, 1962 was the 
selected variation of molecular-scale temperature with 
altitude.* The selected) profile had a number of 
corners, that is, discontinuities in the lapse rate or 
first derivative. For those applications in which such 
discontinuities induce computational or other diffi- 
culties, approximate smoothed versicas of the standard 
almosphere were developed and presenied in Part 
11.3 of the 1962 Standard. The standard molecular- 
scale temperature profile was approximated, in various 
degrees, by potynemiai functions of geometric altrude 
from 0 to 200 km. The polynomials of degrees eight 
and ten were used to obtain approximations for the 
pressure and density which were mutually consistent 
with respect to the hydrostatic equation and perfect 
vas law. 

For some applications it is preferable to have direct, 
simple approximations for the 1962 Standard pressure 
and density, as functions of geometric altitude, even 
though these may not be exactly compatible with 
respect to the hydrostatic equation. This will be 
especially true, for example, of an application in which 
the density profile is the basic requirement of all the 
atmospheric properties. 

In what follows, the aforementioned direct approxi- 
mations for pressure and density are developed. 


*The technical basis of the selected profile is given by Champion 
and Minzner (1963). 
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Although this problem is not so restricted as to have 
a unique solution, the outstanding feature to be ob- 
served js that both pressure and density roughly are 
exponentially decreasing functions of altitude. Equiva: 
lently, the logarithms of both pressure and density 
roughly are linrarly decreasing functions of altitude, 
This feature primarily nAucnced the two appraaches 
taken to the sedition oo the approximation problem. 
The first solution. presented here is a generaliza- 
Sion of a method used in digital computers for generat- 
ing the exponential function. The variable f(2Z) to be 
represented is expressed approximately: 
JZ = Wig t AZ + Aad? +. 


tADZ) (4 


on a ceriain interval Z)S5 282). In the present 
case, the independent variable Z is the geometric 
altitude, ZO 1s the lower or sea-level extreme, and 


_2,= 200 kin is the higher extreme altitude for which 


67 


the approximation is attempted The variable /(Z) 
represents the pressure, or the density, in ratio to 
its sea-level value. The Constant coefficients Ap... 6 
A, are selected to give a uniformly good approxima- 
tion. on the given interval,t in the sense that the great: 
est fractional or percentage error in the variable f(Z) 
is to he as small as possible. Thus, the absolute error 
is sinall at high altitudes, where the pressure, or 
density. is also small. In Table 4.) the two sets of 
coefficients presented are the results of successively 
refining the approximation 4.1 abave, with a= 11, for 
the cases ((Z)= P/Po and s(Z)* pipe. the 1962 
Standard pressure ratio and density rat.o, respec- 
tively, Discrepancies between this approximation 
and the actual mode! are presented in Pigare 4.1. 
In computations with these approximations, it is 
recommended that at least nine and preferably ten 
decimal digits be carried, The percentage error in 
each case is less than five percent for the geometric 
altitude interval 0 to 200 km. The detailed variation 
of the percentage error as a function of altitude is 
shown in the curves in Figure 4). The pressure was 
found tu be more casily approximated within given 
limits. The approximation for the pressure has been 
developed so that its ratio tu the approximate density 


tA different interval would generally require a different: set of 
coeficienta for best results. 


4. U.S. STANDARD ATMOSPHERE SUPPLEMENTS, 1966 


TABLE. 4.1.—APPROXIMATION OF 1952 STANDARD UP TO SUC AM BY 
DIGITAL COMPUTER TECHNIQUE 


Altitude range: 0-200 km 
Surface values: Pe = 1.013250 x 10° newtons meter * 
pe = 1.2250 kilograms meter! 
Corfhcrent 4Aj=0,1, . . . 11; 4; has dimensions 
kmJ; see Equation (4.1): 


0 + 0.1000000000E + 0) +0, 1000000000E + 01 
1 +0.3533367370E — 01 + 0.3393495800E — 01 
2 —0.7474788290E ~- 03 — 0.3434553057E — 02 
3 +0,2121572232E ~ 03 + 0.5497466428E — 03 
4 ~~ 0.1325255219E — 04 — 0.3228358326E — 04 
5 +: 0,5344159692E — 06 + 0.1106617734E ~ 05 
6 — 0.1322745646E — 07 — 0.2291755793E — 67 
7 +0, 1965359762E — 09 + 0.2902 146443E — 09 
8 —0.1723714966E — 11 — 0.2230070938E — 1} 
9 + 0,8707590786E ~ 14 +0.1010575266F — 13 
10 — 6.2341816445E — 16 ~~ 0.2482089627E -- 16 
11 + 0.2897 772972. — 19 + 0.25487697 15E —- 19 


yields, threugh the perfect gas law, an approximation 

- for the molecular-scale temperature which has a frac- 
tional error of less than five percent over the altitude 
interval 0 to 200 km. The approximations are much 
less accurate outside this altitude interval and should 
not be used there; this is also true of the second solu- 
tion of the approximation problem which is discussed 
in the next paragraph. With reference to Eq. (4.1), 
it is noted that changing 4o or both Ay and A, will 
preduce changes which are appreciable at low alti- 
tudes but tend asymptotically toward zero change at 
high altitude. 

The second solution presented here utilizes the 
truncated Chebyshev expansiont (Goodwin, 1961; 
National Bureau of Standards, 1952) for the variable 
J(x) on the interval -1 Sx <1. In the present case, 
the independent variable x is related linearly to the 
geometric altitude Z by 


x= Flo 2-9 ot 1). (4.2) 


As x varies from —1] to J), Z increases from 0 to Z:. 
The variable §(x) in the present case is In (P/Po) or 
In (p/po), the natural Icgarithm (base e) of the 1962 


tThe Chebyshev expansion of a given function f(x) on the interval 
-) 62) is the Fourier half-range cosine-series expansion of the 
corresponding function £(8) = f(cos #) on the interval 0 6 & q, 
The function cos (40) = cos (kK cos "ap FG) is expressible as a 
polynomiat in x. The Chebyshev polynumials Ty(€) and Cy(y) are 
related by definition, according to: 1/2042) @ Ty(€), A =0, 1,2... 
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Ficure® 4.1.—Errors in representing the 1962 Standard to 200 km 
by digital computer technique approximation. 


Standard pressure ratio ur density ratio, respectively. 
For small errors, the (absolute) error in approximating 
the logarithm In r is approximately equal to the corre- 
sponding fractional error in the (pressure or density) 
ratio r itself, that is, 


In ra — In r=ln (14 2=1) 2458 (4.3) 
r r 


where |(ra—r)/r| is much less than unity and the sub- 
script a refers to the approximate value of r. There- 
fore, a uniformly good polynomial fit tu in r, in the 
sense of minimizing the maximum absolute value of 
the error (In rg—Jn r) on the interval O< Z =< Zi, is of 
interest here. The best polynomial in ‘his sense can 
be approximated with a truncated Chebyshev expan- 
sion. This standard approximation, tor In r, is of 
the form 


[a+ > arCit22)| (44) 
ket 


Rl 


nA 
In ret DY anT lx) = 
kr 
where 
2 vr 
a= | In {r(x)) cos kOd@, x = cos @ (4.5) 
oH] 


and (with » = 2x) the Ce(m) can be obtained recur- 
sively from 


Ciq)=n, Cn) = 7? — 2, 
Calg) = 9x) — Cea), (4.6) 
k=3, 4, 


Alternatively, the Cx(j) have been tabulated by the 
National Bureau of Standards (1952). As before, the 
approximations are not intended for application out- 
side the interval 0< Z<2Z,, The first fifteen Cheby- 
shev series expansion coeficients a, are presented in 
Tables 4.2 and 4.3 for the 1962 Standard tor the maxi- 
mum altitudes 2, = 200 km and Z,= 80 km, respec- 
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ADDITIONAL INFORMATION RELATING TO THE ATMOSPHERE 


TABLE 4.2.—~ APPROXIMATION OF 1962 STANDAAD UP TO 200 KM BY 


TRUNCATED CHEBYSHEY EXPANSION 


Altitude range: 0-200 km 


Surface values: Pr-o= Po, pz<0= Oo 
Chebyshev series expansion coefficients, as: 


” Pine 


~~ 0.24470569F + 02 
— 0.10685861E + 02 
+ 0,22622605E + 01 
+ 0.63433398E + 00 

” (DABI59E — 00 

J1548574E — 00 
+0.90751361F -01 


Para 


— 0,25415229F + 02 
— 0.1 1684380F + 02 
+ 0.18721406E + 01 
+ 0.816€0876E + 00 
— 0.9381) 118E —01 
—0.30155735E ~ 00 
—0.77593291E — 01 


TABLE 4,3, -—- APPROXIMATION OF 1962 STANDARD UP TO 80 KM BY 


TRUNCATED CHEBYSHEV EXPANSION 


Altitude range: 0-86 km 


Surface values: Pz-0= Po, proc = pro 


Chebyshev series expansion coefficients, ax: 


P 


"Pees 


1 


~ 0.1] 385925E + 02 
— 0.56837011E +01 
+ 0.554664 76E ~ 01 
—0,778B4294E — 02 


+0.17572339E ~01 
+ 0.48546337£ — 02 


Fe 
Pr=0 


~ 0,10960632E + 02 
—0.55717132E +01 
+ 0.991 L6555F —O1 
+ 0,61044847E - 01 
~—0.14304157E —00 
+ 0,29492088E —- 02 
+ 0,58789604E — 02 


In 


uv + 0,18530467E — 00 
8 — 0,95325843F — 01 
9 — 0.50214309E ~- 01 
10 + 0.4510137BE — 0) 
1] + 0.88997472E -- 02 
12 — 0.18935899F — 6) 
13 + 0.35690621 FE — 02 
14 + 0.63989880£ — 02 


+9,21640168E — 00 
~~ 0.34918422E - 01} 
~ 0.70126799E — 01 
+ 0.36014616E — 01 
+ 0.14951351E —01 
— 0.21450283£ — 01 
- 0,12497995E — 02 
+ 0,18421866£— 01 


Maximum error, perce at for 


n=10 + 6.48716851E +01 
+E) + 0.44642039F +01 
12 4 0.27651 749E + 01 
13 + 0.26185820E + 01 
4 + 0.21790823E +0? 


+0.90}59774E +01 
+ 0.78204393E + 01 
+0,62153101£ +01 
+0.6152772GE + 01 
+ 0.45074701E +01 


tively. Discrepancies between these approximations 
and the actual model are presented in Figures 4.2 
and 4.3. The two-digit number following the letter E 
in each numerical expression for ay is the power of 
ten by which to multiply the number preceding, the 
letter E. Maximum errors for the altitude interval 
0::Z< Z, for different truncations (n= 10 to 14) and 
errors as a function of altitude are also presented fur 
n=10 and n= 14 in the figures. In Table 4.2 to Table 
4.15, Po and po denote sea-level values fiom the 
Standard. Eight decimal digits are recommended in 
computations. 
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Ficurs 4.2.—Ercora in representing the 1962 Standard to 200 km by 
truncated Chebyshev expansion. 


+0.17694805E — 02 
—0.18165298E ~— 02 

9 ~— 0.26635086E — 02 
10 +0.35685433E — 02 
il —0.82257517E — 03 
12 — 0.10363683E — 02 
13 + 0.57055477E — 03 
4 — 0.19023078E — 03 


+ 0,20421324£ — 02 
+ 0.71033206E — 02 
— 0.103 14086£ — 01 
+ 0.34100 737E — 02 
+0,41764325E ~~ 02 
—0,39151559F — 02 
+ 0.11227828E — 02 
—0.15751033E — 02 


0 
] 
2 
3 
4 —0.11004083£ — 00 
5 
6 
7 
@ 


Maximum error, percent for 


n=10 + 0.32537075E + 00 
lh +0.33326241E +00 
12 + 0.26060434E +. 00 
3 + 0.25006738E + 00 
14 + 0.238982W0E + 60 


+ 0.25532037E +01 
+ 0.2351 7266E +01 
- +O. 19785941 E +61 
+ 0.18775970E +01 
+t 0.18222705E + Gl 


In summary, direct, simple approximations for the 
1962 Standard pressure and density (first solution) 
and their logarithms (second solution) have been 
presented. The first solution is oriented to the needs 
for efficient digital-computer operation and requires 
little in the wav of program and storage. The compu- 
tation of the expansion coefficients in the second 
solution ig very straightforward and can oe performed 
in this or similar problems with little «.1urt or skill 
in numerical analysis. 

4.1.2 U.S. STANDARD ATMOSPHERE SUPPLEMENTS, 
1966.—The approximation described in the preceding 
section and consisting of a truncated Chebyshev series 
expansion has been applied to the lower 80 km of 13 
of the 14 Supplementary Atmospheres described in 
Parts 2 and 5 to obtain analytic representations of 
the Jogarithms of the pressure ratio and density ratio. 
Since the spring/fall atmosphere is identical to the 
1962 Standard up to 69 km, analytic approximation of 
the spring/fall atmosphere is not described. The 
expansion coefficients and maximum errors are pre- 
sented in Tables 4.4 to 4.16. Discrepancies from 
the Supplementary Atmospheres are illustrated in 
Figures 4.4 to 4.16. As before, the approximations 
should not be applied outside the indicated altitude 
range. 
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Ficure 4.3.—Errors in representing the 1962 Standard to 80 km by truncated Chebyshev expansion. 


n= 10 (solid curve) 
n=14 (dashed curve) 


0 20 30 40 
Geometric Altitude (km) 


Ficure 4,4. —Errors in representing the 15° N. Supplementary Atmosphere by truncated Chebyshev expansion. 
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Ficure 4.5. — Errors in representing the 30° N. Winter Supplementary Atmosphere. 
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Ficuar 4.6.—Ervors in representing the 30° N. Summer Supplementary Atmosphere. 


TABLE 4.4. —APPROXIMATION OF 15°. N. SUPPLEMENTARY ATMOS- TABLE 4.5.— APPROXIMATION OF 30° N. WINTER SUPPLEMENTARY 4 
PHERE BY THUNCATED CHEBYSHEYV EXPANSION ATMOSPHERE BY TRUNCATED CHEBYSHEY EXPANSION i 
Fe eh Pan ar mer ae saa ———.-—= —— lS j 
Altitude range: 0-80 km 7 eliivae rane en 
Surfave values: Pye 1.00000000 Ps pablacevaluen Fe -1:0)(0ie0 Fe F 
pr-0=0.95265306 po rane erent Be ay 4 
Chebyshev series expansion coefficients, ax: ‘Nebyshey series expansion coeMicieats, ay: ; 
— Pe In In pe 2 : 
In Pre In a P, o as 28 
k= 0 — 0.11 292681 £ + 02 —0.10795064E + 02 0 — 0.113987 12E + 02 — 0, 10988053E + 02 
1 — 0.56676704E +01 — 0,55402267E +01 i — 0,56949156E + 01 ~ 0.55952542E + 01 
2 + 0.45597384E — 01 + 0.70185477E — 01 2 + 0.66612249K — 01 +.0.89859452K — 01 
3 ~ 0.72563273F — 01 + 0.73327006E — 01 3 ~- 0,06339880E — 01 + 0.66752831F —01 
4 — 0.118953182 ~ 00 — 0.16736365E — 00 4 ~- 0.109503 16E — 00 —0,15432204E ~ 00 
5 + 0,.38715330E — 01 + 0.18269096E ~ 01 5 + 0.34772284E — 01 + 0.14787448F — 01 
6 + 0.108501 14 -- 02 + 0.22595908E — 01 6 + 0.3654654E — 02 + 0.209884614'~ 01 
7 -~0.724920288 — 02 — 0.21316435KF ~ 01 u Bi snoreisustmhee — 0.126027234' — 01 
8 + 0.89635745£ — 02 +0.17031291E —01 8 + 0.42671657E — 02 +0.13072287E — 01 
y — 0.68378613E — 02 —0.13859797E — 02 9 — 0.49216313E —02 — 0.61097701E — 02 
10 —0.3374B665E — 04 —~0.12925811E —01 10 + 0.12164620F — 02 ~ 0.54250862E — 02 
il +0.47251073E — 02 + 0.11510155E —01 nN +0.24253896E — 02 + 0,67921825E — 02 
13 — 0,36550791E — 02 — 0.52981801E —03 ie =. SoH ISOAe = Oe ~ 0.201 183316 — 03 
13 + 4.31158274E — 03 — 0.666 18895F — 02 13 + 0.95887 702K — 05 — 0.300922988 — 02 
4 + 0.1871 7224k — 02 + 0.57506745E — 02 M4 + 0.79097901E — 03 +0.17320223E ~ 02 
Maximum error, percent for Maximum error, percent tor 
n=10 + 0.13981993E +01 + 0.46770841F + 01 n=10 + 0.58665549E + 00 + 0.16619980E + Vi 
1 + 0.10743026E +01 + 0.38551524F +01 nN + 0.44876909F + 00 + 0.13632268F + G1 
iP + 0.78751098K + 00 + 0.38621232E +01 12 + 0.25192475F + 00 +0.13729185F +0) 
13 + 0.80631923E + 00 + 0.3281 2089K + 01 13 + 0.25144 7091 F + 00 + 0, 10648538 + 01 
4 + 0.68477737E + 00 14 + 0.21190023F + 00 + 0.9503 3348F + 00 
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Ficurs 4.7. —Errore in representing the 45° N. Winter Supplementary Atmosphere. 
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TABLE 4.6.— APPROXIMATION OF 30° N, SUMMER SUPPLEMENTARY 
ATMOSPHERE BY TRUNCATED CHEBYSHEY EXPANSION 


Altitude range: 0— 80 km 


Surface values: Pz~o= 1.00024673 Po 
Pr ~e=0.94612245 po 


Chebyshev scries expansion coefficients. ar: 


Canenekwnr ewe So 


In -—— 


Pras 


—0.11236010E + 02 
—0.564763403E + 01 
+0.30694294E — 01 
—0.76259755E ~ 01 
—0,12104687E — 00 
+0.32464208E — 01 
+ 0.32257811E ~ 02 
— 0.55074987E ~ 02 
+ 0.64346058E ~ 02 
— 0.60729037E ~ 02 
+0.10370307E ~ 02 
+0.31451757E ~ 02 
—0.31532521E ~ 02 
+0.10123259F ~ 02 
+ 0.79967239E ~ 03 


Maximum error, percent for 


n=10 
11 
12 
13 
14 


+ 0,10690240E + 01 
+ 0.768241 12E +00 
+ 0.4986 1088£ + 00 
+ 0.49004091 E + 00 
+ 0.42920543E + 00 


— 0.107245 18E + 02 
— 0.55094862E + 01 
+ 0.637779] 7E — 01 
+ 0.71771 775E — O01 
— 0.16437107E — 00 
+ 0.10906935E — 01 
+ 0,20640562E — 01 
—0.15827267E —01 
+ 0.14407379E —01 
— 0,.27857211E — 02 
— 0.10184736E — 01 
+ 0.11202805E — 01 
— 0.34389555E — 02 
— 0.3261 7962E — 02 
+ 0.42496365E — 02 


+0.42787224E + O1 
+ 0.32592773E + 01 
+0.31749964E + 01 
+ 0.29780984E + 01 
+0,25532901E + 01 


TABLE 4.7.— APPROXIMATION OF 45° N. WINTER SUPPLEMENTARY 


70 


ATMUSPHERE BY TRUNCATED CHEBYSHEV EXPANSION 


Altitude range: 0—80 kin 

Surface values: P,.o= 1.00468789 P, 

Pr.a= 1.06204082 p, 
Chebyshey series expansion cuefiicients, ay: 


In . 

Pr.o 
— 0.11554944E + 02 
— 0.57394208E +01 
+ 0.10541182E — 00 
— 0.31041097E —G1 
— 0.90912415# —0) 
+ 0.19779769E — 01 
+ 0.13230478E —01 
+ 0.15098489E — 03 
— 0.65576137E — 02 
~ 0.13792823E — a2 
+ 0.45829969E —- 02 
— 0.11948063F — 02 
— 0.400 15894F ~ 03 
+ 0.27888930E — 03 
— 0.33229920E — 03 


Maximum error, percent for 


n=10 
NM 
12 
13 
14 


+ 0.26980507F + 00 
+ 0.231190204 + 00 
+ 0.21727996E + 00 
+0.19324141E +00 
+ 0.17728639E + 00 


In 2 
Pr-0 


— 0,11262047E + 02 
— 0.56938867E + 01 
+ 0,10894386E — 00 
+ 0.74802921E — 01 
— 0.12099027F — 00 
— 0.181 2B609E — 02 
+ 0.17643137E —01 
+ 0.79451649E -- 02 
+ 0.75301915E — 03 
~ 0.13910341E —01 
+ 0.61671438E - 02 
+ 0.2656825R8E — 02 
— 0,2291521BE — 02 
+ 0.21201550£ — 02 
— 0.24436811E — 02 


+ 0,19066200E + 01 
+ 0.18811 271E + 01 
+0,17137662E + 01 
+ 0.15018404£ +01 
+ 0.131391 73E + 01 


vn Asda eben 


ee aPenTT Gener Tenn ET 


etn int Ahn: oak nda ata 


[nna 


: 
i 
} 


age hana ed 


ea th na anal la aL bah a ad a mt 


oa tt a a A mel 


ADDITIONAL INFORMATION RELATING TO THE ATMOSPHERE 


n= 10 (solid curve) 
n= 14 (dashed curve) 


in: 2 
Pz=0 


Error, % 


Geometric Altitude (km) 


Ficurk 4.8, — Errors in representing the 45° N. Summer Supplementary Atmosphere. 


TABLE 4.8.— APPROXIMATION OF 45° N. SUMMER SUPPLEMENTARY 
ATMOSPHERE BY TRUNCATED CHEBYSHEY EXPANSION 


TaBLe 4:9.—APPROXIMATION OF 60° N. WINTER SUPPLEMENTARY 
ATMOSPHERE BY TRUNCATED CHEBYSHEY EXPANSION 


Altitude range: 0-80 km 
Surface values: Pz. = 1.00024673 Po 

Pz-0 = 0.97306522 po 
Chebyshev series expansion coefficients, ax: 


Altitude range: 0-80 km 
Surface values: Pz . o= 1.00024673P, 
Pro = 1.12000000 pu 


Chebyshev series expansion coefficients, a: 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Maximum ¢ 


n=10 
qn 
12 
13 
4 


in Pro 5 


—0.11150426E +02 
— 0.55932330E + G1 
+0,21511737E —01 
— 0.89873604E — 0] 
— 0.11834978E — 00 
+ 0.22024347E — 01 
+ 0.26686517E ~ 02 
—0.23176521E — 02 
+ 0, 24556559 -- 02 
— 0.38195 797E — 02 
+ 0.25047988E ~ 02 
+ 0.66807698E — 03 
— 0. 1B029543£ — 02 
+ 0.82929434E ~ 03 
— 0.37180569E — 03 


Tron, percent for 


+ 0.54 767413E + 00 
+ 0.49553199E + 00 
+ 0.31653329F +00 
+ 0.26599004E + 00 
+ 0.2711 7863E + 00 


—0. 10692979 + 02 
— 0.54516427E + 01 
+ 0.78517903E - 01 
+ 0.58080391E — 01 
— 0.15258813E — 00 
+ 0.39089340E — 02 
+ 0.12920403E — 01 
— 0.90474822E — 02 
+ 0.10975508E - 01 
— 0.70757392E — 02 
—0.17159607E — 02 
+ U.70322484E — 02 
— 1.36113699E — 02 
— 0.14795569£E — 03 
+ 0.54964149E — 03 


+ 0.30291855F +01 
+ 0.23566723E + 01] 
+ 0.20456657E +01 
+ 0.204871 74E +01 
+ 0.20166874E + 01 


CONAN WH SD 


—0.11734579E + 02 
— O.S7909640E +01 
+ 0.15565977E +00 
+ 0.4395896SE — 03 
— 0.73909307E — 0) 
+ 0.10612036£ —0) 
+ 0.8134 7044E — 02 
+ 0.17454704E — 02 
— 0.70900 109F — 02 
— 0. 10257863 — 02 
+ 0.36946803F — 02 
— 0.533437) 1E — 03 
+ 0.16436473E — 02 
— 0.12242473E — 02 
— 0.84107635E — 03 


Maximum error, percent for 


n=10 
1 
12 
13 
14 


+ 0.42302819E + 00 
+ 0.38139584E + 00 
+ 0.26048484E + 00 
+ 0.24649215E + 00 
+ 0.20221931E + 00 


—0.11559304E + 02 
— 0.57942704E + 01 
+ 0.14085435F + 00 
+ 0.91568527E — 01 
— 0.89026834E — 01 
— 0.91508620E — 03 
+ 0.96263019E — 02 
+ 0.74983495E — 02 
+ 0.66805500E — 03 
— 0.15687 198E — 0] 
+ 0.69099 BIE — 02 
—0.25275559EF — 02 
+ 0.4057 7084E ~ 02 
+ 0.35777159E — 02 
— 0.46009748E — 02 


+0.17953478E +01 
+ 0.16184054E + 01 
-+ 0.15816823E + 01 
+ 0.13898 768E +01 
+ 0.96897483E + 00 
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Ficure 4.12.—Errors in representing the 60° N. Winter (Warm) Supplementary Atmosphere. 


Tanne $34.- ArpRUaAiMasiON OF 60° N. WINTER (COLD) SUPPLE- 
MENTARY ATMOSPHERE BY TRUNCATED CHEBYYZ'EV EXPANSION 


TARLE 4.10. — APPROXIMATION OF 60°. N. SUMMPR SUPPLELMENTARY 
ATMOSPHERE BY TRUNCATED CHEBYSHEYV EXPANSION 


——————— 


Altitude range: 0-80 km 
Surface values: Pr-9 = 1,00024673 Pa 
Pr-0 = 1.12000000 po 


Chebyshev series expansion coefficienta, ax: 


ee in—L. 
Pre Pr-e 


Chebyshev series expansion cocficients, a4: 


P p 


In Preo  Preo 


10 
ll 
12 
13 
14 


n=10 
lI 
12 
13 
14 


— 0.11113715# + 02 
~0,55552451E +01 
+ 0.14711463E —01 
~ 0.10813282F — Ov 
— 0.11 288266F — 06 
+ 0.13886823E — 01 
+ 0.45754226E — 02 
+ 0.15378256F -- 02 
— 0.14691 148% — 02 
~0.1193)194F ~— 02 
+ 0.205967) 7E ~ 02 
— 0.206761B3F — 02 
+ 0.45563554E — 03 
+ 0.8308 1486EF -- 03 
— 0.35421627F ~ 03 


Maximuin error, percent tor 


+ 0.47194607E + 00 
+ 0.31524203F + 00 
+ 0.33107B9BE + 00 
+ 0.2556698E + 00 
+0, 24612195E + 00 


Altitude range: 0--80 km 
Surface values: P79 = 0.99679250 Pa 
Pr-0 = 0.9959 1837 pa 


—0.10702847F + 02 
—~ 0.541 72088E + 0) 
+ 0.94875743F ~ 01 
+ 0.33971231F — 01 
— 0.143855144 — 06 
— 0.22402754E — 02 
+ 0.47746203F — 02 
+ 0.194557124 — 02 
+ 0.62006716# — 02 
~- 6.74573795E — 02 
+ 0.49698568F ~— 02 
— 0.10657856E ~ 02 
—~ 0,.45141339F — 02 
+ 0.36185520E — 02 
+-0.17352070E — 02 


+0.26714161E +0) 
+ 0.26816413E +01 
+0.23519516E +01 
+ 0.19902498E + 0} 
+ 0.18568054é + 01 


exnaQ neu So 


— 0.21986395E + 02 
— 0.59219413E + 01 
+ 0.19521 780F — 00 
+:0.49710290F — 01 
— 9.78022972E — 01 
+ 0.84323914E — 02 
+ 0.17658515F —01 
— 0.94813241F —03 
— 0.14690044F — 01 
— 0.62825929F — 03 
+ 0.72435819F — 02 
— 0.75193853# — 03 
+ 0.3158 78B4E — 03 
— 0.15014646F — 03 
— 0.35626 103F — 03 


Maximum error, percent for 


+ 0.4005 1306E + 00 
+ 0.34523572E + 00 
+ 0.32501 983F + 00 
+ 0.33805336F + 00 
+ 0.34B28052£F + 00 


—0.11821448E + 02 
— 0,59543981E + 01 
+ 0.13822599E — 00 
+ 0,13723169EF — 00 
~0.B5309979E —- 01 
— 0,80034570E — 02 
+ 0.24007255E — 01 
+ 0.16226391E - 01 
— 0.85207421F - 02 
— 0.23385217E -- Of 
+ 0.92265872F — 02 
+ 0.48266426K — 03 
+ 0.1 7410397K — 02 
+ 0.302511778 — 02 
— 0.13604895F — 02 


+ 0.15021086E + 0} 
+ 0.1494$2810F + 01 
+ 0.14713630E +4 01 
+ 0.13232782K + 01 
+ 0.12660205E + 01 
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Ficus 4.13.—Errors in representing the 75° N. Winter Supplementary Atmosphere. 


TABLE 4.12.— APPROXIMATION OF 60° N. WINTER (WARM) SUPP’LE- 
MENTARY ATMOSPHERE BY TRUNCATED CHEBYSHEV EXPANSION 


TABLE 4.13.— APPROXIMATION OF 75° _N. WINTER SUPPLEMENTARY 
ATMOSPIIERE BY TRUNCATED CHEBYSHEV EXPANSION 


Altitude range: 0-30 hm | 
Surface values: Pz-o= 100024673 Po 


Altitude range; 0-80 km 
Surface values: Py.2= 1.00024673 Po 


Pr-e= 1.12000000 po Pr-0= 1.15673469 po 
Chebyshev series expansion cocfiicients, ax: Chebyshev series expansion coefficients, ax: 
inc In 2 P 
Pro Pa-o In Pps In ee x 
k= 0 ~— 0.11454033E + 02 —0.11290984£ + 02 a 25 SpE LEI sg arieneae £0 
1 ~ 0.56620422E + 01 — 0.564 OTE +01 , en , 
1 — 0.23793 183K + 01 ~ 0.22828183K + 01 
2 + 0.96319649E -- 01 +0.11306966E — 00 : teeny Stes 
; ences 2 -- 0.45720632E — 01 — 0,935552548 — 01 
3 — 0.44269729E — 01 + 0.323000528 — 0) ; : caer wee a 
ae 3 + 0.1976665 1 — 01 + (,28645270K — 01 
4 — 0.66507997E — 01 —0.97161151K —0) ene er ‘ : 
: f 4 — 0.371 70666E — 02 + 0.23819977K - 02 
5 +0.119096S5E — 01 — 0.691781 1F — 02 eh gine : 
: ; 5 — 0.113342178 — 02 — 0.10561099F — 01 
6 + 0.10722589F — 01 + 0.34919044E — 03 ; Pacaeh: ; : 
: : 6 + 0.26667524K — 02 + 0.10428505E ~01 
7 + 0.96289317E — 02 +0.157017515 - 01 : aad 
: : ; 7 — 0.2877 7064E — 02 ~ 0.501 28486 ~- 02 
8 ~—0.52646790E — 02 + 0.93187094E — 02 : Be 
‘ — 0270108418 —02 ~ 0 12750375 ~-O1 8 + 0.18202721F ~ 02 — 0.79128043E — 03 
10 +0.19167302K —02 4 0.63867828' — 02 9 ~ 0.7457B723K — 03 + 0.18741237E — 02 
‘i — 0.752206708 — 03 — 0455955618 -02 10 + 0.7596B630K — 03 + 0.54691744E — 03 
? : ee tea po ot u —QALISS27E 02 — 0.13866626K — 02 
12 + 0.1711 2380F — 02 + 0.437 76657E — 02 : Ser ie ae : 
13 —0.164151128' — 02 + 0.16522544K ~ 02 a ik Gee as ED ee 
4 ~ 0.280178168 — 03 0571118618 ~02 mB — 0.102323938 -- 02 + 0.119444728 - 02 
. ° i : 14 + 0,80900566E — 03 — 0.16713684E -- 02 
Maximahncrron percent Sie Maximum error, percent for 
n=10 + 0.573454956 + 00 +.0.24867050K + 01 err ci aiden eReGe + 0.101998908' +01 
i + 0.537164068 + 00 +0 21675125E + 01 md 
pe : : Nn + 0.70591864E + 00 + 0,88459402K + 00 
12 + 0.37407592K + 00 + 0.2Z1099091F + 01 ; 
: canon’ bs 12 + 0,58342451F + 00 + 0.87593496K + 00 
13 + 0.30930995E + 00 + 0.20290285E + 01 ‘ ; i 
“ 4+ 0.295614298 +00 £0. ISN6SO4GE + 01 13 + 0.48110057E + 00 + 0.82325637K + 00 
: is ° 14 + 0.40020000F + 0U + 0.65612495# + 00 
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TABLE 4.14. — APPROXIMATION OF 75°. N. SUMMER SUPPLEMENTARY TABLE 4.15.— APPROXIMATION OF 275° N, WINTER (COLD) UPPLE- 


ATMOSPHERE BY TRUNCATED CHEBYSHEV EXPANSION MENTARY ATMOSPHERE: BY TRUNCATED CHEBYSHEV EXPA SIGN 


Altitude range: 0-30 km 

Surface values: P2.9=0.99925981 Po 
Pr-0=1 03265306 Pa 

Chebyshev series expansion coefficients, ay: 


Altitude range: 0-30 km 
Surface values: P,.0= 1,00024673 Pa 

Orca = 1.15673469 pig 
Chebyshev series expansion coefhicients, ax: 


eg Rt NE RENAN it Mg EE A PE ARENDS i ET TD BG 


Maximum error, percent for 


Manximum ¢ 


srror, percent far 


lw In -24 In —— in 

70 Preo Pron Pree 
k= 0 — 0.427785 19F + 01 — 6.59573638F + 01 k= 0 ~- 0.46979427F + 01 ~ 0.440 1B058E + 01 
| —0.21708018F +01 — 0.20952640F + 01 1 — 0.24385498F +0] — 0.23125096F + 01 
2 — 0.290430834 — 01 — V.94215480F — 01 2 — 0.70155064F — 01 —0,11547751E — 00 
3 + 0.2:1327983E — 01 +-0.38691153F — 01 3 + 0.1957 7BH5E — 01 + 0.22280943E — 01 
4 ~ 0. 70768897E — 02 — 0.19255719F — 02 4 — 0.301 49859F — 02 + 0.46783411F — 62 
§ + 0.39061656F — 03 — 0.133263 40E - 01 5 — @.21707308E ~ 03 — 0,10539889F -- 01 
6 4. 03008065 7E — 02 + 0.113960621E - oc! 6 + O.14251117E —02 + 0.89370371E — 02 
7 —0.20413522F — 02 + 0.10086802F — 02 2 —0.122196027E — 02 -- 0.406 15459 — 02 
8 — 0.31845975E — 03 — 0.54632690F — 02 8 = O.SOMHMRUVE — 03 + 0.32793775E — 03 
9 + 0.B6191803E — 03 + 0.200829004E — 02 9 + 0.122615198 — 03 + 0,138 136892 — 02 
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Ficunk 4.15, --Ecrore in representing the 75° N. Winter (Cold) Supplementary Atmosphere. 
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Figure 4.16, ~Errors in representing the 75° N. Winter (Warm) Supplementary Atmosphere. 


4.2) MID-LATITUDE OZONE MODFL TO 50 
KILOMETERS 


Observations from the ozonesonde network in North 
America, established in January 1963 (Hering and 
Borden, 1964), have been combined with rocket 
measurements and photochemical equilibrium cal- 
culations to provide a Mid-latitude Ozone Model which 
is a tentative annual mean of mid-latitude ozone data 
to 50 km. 

4.2.1. Datra.—The lower 34kim = pertion of the 
ozone mode] is based on the data chtainea from the 
systematic program of weekly ozonesonde ascents 
made throughout the year . 63 at Seattle, Washington: 
Fort Collins, Colorado, Madison, Wisconsin: and Bed- 
ford, Massachusetts. The mean profile represents 
the average of mean annual profiles computed for 
these stations after first averaging individual sounding 
data over 2-km vertical intervals. Approximately 
150 ozoncsonde ascents were used in the determina- 
tion of the mean ozone profile. 

The mean annual ozone distribution for heights 
above 34 km has been determined by analysis of 


photochemical equilibrium distributions as caleu- 
lated by Ditsch (1956). Craig (1950). Leevy (1964), 
and London and Prabhakara (1962) in combination 
with rocket measurements over New Mexico by John- 
sen et al. (957) in June 1949 and over Wallops Tstaind 
by Reed and Scolnick (1964) in’ May 1960. Most 
weight was assigned to the rocket: measurements in 
defining the ozone model. although there is) rather 
good agreement with the theoretical distributions. 

Table 4.17 gives the vertical distribution of ozone 
pressure, density, number density, and mixing ratio 
in the Mid-latitude Ozone Model to 50 km. Total 
ozone content, also provided, represents the depth 
af ozone contained in a square centimeter column of 
the atmosphere at standard pressure and tempera- 
ture, STP Q013.25 mb and 273.15° K). Figures 4.17, 
4.18, 4.19, and 4.20 show the partial pressure, density, 
number density, and mixing ratio profiles, respectively. 

4.2.2 LIMITATIONS OF MODEL.—Although — the 
ozonesonde observaiions to 34 km were taken at lo. 
cations extending from = Seattle, Washington. to 
Bedford, Massachusetts, a region covering 51° of 
longitude. results are considered, tentatively, as typical 
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TABLE 4.16, — APPROXIMATION OF 75° N. WINTER (WARM) SUPPLE- 


TABLE 4.17. — Mip-LATIV De OZONE MODEL, 
MENTARY ATMOSEHERE BY TRUNCATED CHEBYSHEY EXPANSION 


Altitude range: 0-30 kin 


Surface values: Pz o = 100024673 Pu 
Pr 1,15673469 po 


Chebyshev series expansion cacficients, ai: 
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Sxar>Aune&’K 


Maximum e 
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=~ 0.70020 744E — 02 
+ 0.23698890F - 02 
+0, 158034418 — 02 
— 0.21835077E — 02 
+ 0,1 1009927E — 02 
+ 0,22904447F — 03 
— 0.7681 7563k — 03 
4+ 0.16950855E — 03 
+0.44253781E -03 
— 0.353138248 — 03 
—0.10111955F — 04 


rar, percent for 


+ 0,15889272E + 00 
+ 0.14936939F + 00 
+ 0.12314335F + 00 
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+ 0.89396691£ - 01 
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-O.4)199761E +01 
~ 0.22321204E + 01 
—0.59124081E — 01 
+ 0.32498859R - 01 
 O.61157000F — 02 
-- 0. 10065819% -- 01 


+ 0,13643993F ~01_ 


— 0.65008923F — 02 
— 0.49258938F — 03 
+ 0.37B93999F — 02 
~- 0.10783633E — 02 
— 0.26967059F — 02 
+ 0.16621970F — 02 
+ 0.12531816E — 02 
— 0.2742363 LE —- 02 


+ 0.18673599E + 01 
+ 9.16040519F + O1 
+ 0.15013710F +01 
+0.1461011E +01 
+ 0.11718735E +0) 


of mid-latitude conditions around the northern hemis- 
phere. Also, the representativeness of the ozone 
model based on the 1963 data was checked by compari- 
son with available 1964 observations, Since fully- 
processed 1964 data were incomplete, 8-month aver- 
ages were compared. The difference in average 
density was only 1X10°9 kg m-3 or 0.3 percent at 
20 km and 2.1% 10 5 kg m=4 or 11 percent at 14 km. 
The relatively large difference at 14 km probably 
results from the inter-annual change in the mean 
position of the tropospheric wind maximum and the 
associated change in iropopause height. 

4.2.3 VARIABILITY. --Standard deviations of ozone 
density about the model are presented in Table 4.18 
for 2-km intervals between the surface and 30 kim. 
They are based on 244 ozonesonde network observa- 
tions taken during 1963 and 1964. Consequently, 
the computed rms values include seasonal as well as 
synoptic-seale variations, 

ht is apparent from these data that the level of 
maximum variability kes near 12 km, with minimum 
variations near 4km and 30 km or higher. All values. 
however, must’ be considered as first estimates due 
to the limited number of observations currently avail- 
able. Also, the distribution of ozone seems to be 


[Pens] Number | Mixing 


Pressure Nensity Ratin 


Pomme them 4 


2.2 1.6 
2.0 15 
La 
1.13+ 18 
2.02 


2.4 


TOTAL OZONE=347 matm-cm (milli-atmosphere-centimeters), STP 
=0.347 cm, STP 
Note: 2. Values of ozone density in units of matn-em/km may be 
obtained by multiplying (he above values of azane density 
hy 0.467 x 10". 
2, Values of ozone mixing ratio in anits of parts per million 
hy valume may be ubtained by multiplying the above 
values of ozane mixing ratio by 0,603 x 108. 


skewed cather than normal, particularly in the lower 
stratosphere, 

The existence of longer-period fluctuations also 
has been investigated. Angell and Korshover (1964), 


TABLE 4.18.— STANDARD DEVIATION OF OBSERVED OZONE DENSITY 
ABOUT MODEL 
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. Fisure 4.17.- Tentative mean annual mid-latitude ozone pressure. 


“for example, analyzed qvasi-biennial variations in 


total ozone. Statistically significant biennial oscilla- 
tions were found at all latitudes. The amplitude in 
mid-latitudes averages roughly 5 matm-cm. These 


- fluctuations are small compared to total uvzone values 


and synoptic-seale variability in the stratosphere. 


4.3 GEOPOTENTIAL-GEOMETRIC ALTITUDE 
RELATIONS 

4.3.4 INTROBUCTION.—This section presents a 
geopotential table which leads to the geometric al- 
titude cf equal geopotential surfaces at various lati- 
tudes in 15-degree increments from 0 to 90 degrees. 

4.3.2 DEFINITION At'l)y METHOD OF CALCULATION, — 
Geopotential Hg of a unit mass, at a given latitude ¢, 
relative to the reference geopotential at the earth's 
surface Zy at the same Jatitude, varies with geometric 
altitude Z and with the altitude-dependent accelera- 
tion of gravity getZ) for that latitude in aceordance 
with the following integral equation: 


Zz 
Ho= | BulZ dz (4.7) 


Approaches of considerable though varying sophis- 
tication have been employed in recent years in the 


Abitude (kn) 


o.. 6. ta 1B ok 30 36 42 
Ozone Density (10, *kg m 3) 


Ficure 4.18,~ Tentative mean annual mid-latitude ozone density. 


determination of a function of Z which permits the 
perfect integration of Eg. (4.7), and thus leads to 
numerical values of Hag (List, 1963; Minzner and 
Ripley, 1956; Minzner et al., 1958; 0/.S. Standard At- 
mosphere, 1962) fur specified values of Z. The extreme 
differences in the values of Hy for a given value of Z 
as determined by any of these methods are very small 
compared with the uncertainties of the atmospheric 
properties tabulated in this document for the same 
value of Z. Thus, i. is reasonable that the simpler 
of these sophisticated methods (List, 1963; Minzner 
and Ripley, 1956) be employed in the calculation of 
geopotential for use with atmospheiic properties in 
these tables. ‘ihe more complicate d and more sophis- 
ticated of these referenced methods, that is, the 
method used in the U.S, Standard Almosphere, 1962, 
sields a value of Hg at 700 km which differs by less 
than 0.007 percent from that computed for these 
Supplementary Atmospheres for the game latitude. 
Analytical relationships for 44 as a function of Z, 
and for Z¢ as a function of H, beth stemming from Eg. 
(4.7), are arrived at by replacing go(Z) with a special- 
ized form of the inverse-square law prior to the inte- 
gration of Eg. (4.7) The resulting relationships are: 


vA 
Hy) # Hy= : z (4.8) 
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Figure 4.19.~Tentetive mean annual mid-latitude ozone number 


density. 
and 
24(H) = peeve Le (4.9) 
fg —H 
where 


Ho(Z) = Hg = geopotential at latitude ¢ in geopotential 
meters (m‘) as a function of geometric 
altitude Z 

Ze\H) =Z4= geometric altitude at latitude ¢ in geo- 
metric meters (m) as a function of geo- 
potential H, 

G = 9.80065 m? sec~? (m‘)-', which value 
implicitly defines one standard geopoten- 
tial meter 

gs=the sea-level value of the acceleration 
of gravity at latitude @, (m sec~?) 

ra=the effective earth’s radius for latitude 


, (m) 


For any latitude @, the value of rg is generally not equal 
to the earth's radius for that latitude, but rather is a 
quantity calculated to meet certain boundary condi- 
tions (List, 1962+ Minzner and Ripley, 1956, Appendix 
M), such th elationships of Eqs. (4.8) and (4.9) 
retain a hi, e of validity over an extended range 
of altitudes at alt latitudes in the geopotential table. 
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FIGURE 4.20.—Tentative mean annual mid-latitude ozone 
mixing ratio. 


Geopotentials have been calculated for eight lati- 
tudes listed in Table 4.19, which also shows the related _ 
values of rg and gs employed in the calculations. 


TABLE 4.19. — VALUES OF rg AND gg EMPLOYED IN THE CALCULATION 


OF GEOPUTENTIAL AT VARIOUS LATITUDES 


Te &e 
6,356, 766 9.80665 
6,334,984 9.78036 
6,337,838 9.78381 
6,345,053 9.79324 
6,356,360 9.80616 
6,367,163 9.81911 
6,374,972 9.82860 
| 6,377,862 9.83208 


The values of gs and 7¢ applicable to latitudes 0°, 
15°, 30°, 45°, 60°, 75°, and 90° as used in the geupo- 
tential calculations of this document were taken from 
Table 167 and Table 49, respectively, of the Smith- 
sonian Tables (List, 1963). No values of gg and re 
are given in the Smithsonian Tables, however, for the 
reference latitude, R = 45°32'33”. 
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The reference latitude is not an arbitrary value for 
which the appropriate value of ge must be found but, 
rather, R is the latitude associated with the so-called 
standerd acceleration of gravity equal to 9.80665 
m sec7? as designated in all U.S, Standard Atmuos- 
pheres published after 1922. ¥f the latitude variation 
of the sea-level value of the acceleration of gravity is 
assumed to follow the Lambert equation (List, 1963), 


_ that is, 


Ss = 9.806 160(1 — 0.0026373 cas 2h 
+ 0,0000059 cos! 24) (4.10) 


the value of @ which satisfies this equation for ge 
= 9.80665 m sec~? is found to be ¢=45°32'33"=R. 
The value of rg for this latitude was computed in the 
manner described for the computation of values in 
Smithsonian Table 49 (List, 1963), or as previously 
discussed by Minzner and Ripley (1956). The use 
of this particular pair of values of gg and rz in Eq. 
(4.8) yields values of Hx as a function of Z. The car- 
responding values of Z and H for latitude R are here- 
after referred to as Zy and Hx and serve as the argument 
pair in the geopotential tables of this section. With 
the same values of gg and rs, Eq. (4.9) yields values 


_ of Zr as a function of Hx, or as a function of the second 


member of the argument pair, Zx and Hx. 
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Ficure 4.21. — Altitude difference (Z4— Za) as a function of 
reference altitude Zz for each of seven latitudes, 


Sets of values of Z, as a function of the second mem- 
ber of the argument pair could be calculated for each 
latitude by means of Eq. (4.9) and the appropriate 
values of gg» and rg. A considerable reduction in 
the number of culumns of print is obtained, however, 
by listing values of the departure of Zs from Z,, in 
the form of Z4~—Zx, as a function of the argument pair 
for each of the required latitudes. 

A comparison of the values of geometric altitude as 
a function of H in the U.S. Standard Atmosphere, 1962 
with values of Zy as computed by Eq. (4.9) for the same 
values of H=Hy at the reference latitude R, shows 
that these two sets of values of Z depart slowly from 
each other in accordance with some function of in- 
creasing values of H. The analytical expression for 
computing the 1962 Standard values of Z as a func- 
tion of H (or vice versa) has not been published, but 
Minzner (1966) has shown that the unrounded 1962 
Standard values of Z as a function of H are very closely 
approximated by an empirical function Z, which is 
defined by the following pair of equations: 


2g ANS LEM a1) 
Tet —[H +A] 


4 


Altitude Difference Z4~ Z, (km) 
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Ficure 4.22.— Altitude difference (2. ~ Zp) as @ function of latitude 
for each of five equal-geopotential surfaces equivalent at the 
reference jatitude to the geometric altitudes 200, 400, 600, 800, 
and 1000 km. 
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and 


JM) =A'+ BHA CH? + D'H5+E'H* = (4,12) 
where 


A'=0.2579651 x 10-2 m’ 
B'=0.2161710 x 10-7 m‘/m’ 
C‘'==0, 1807561 x 10>! m‘/(m‘)2 
D'=0.9153012 x 10 -'8 m'im‘)3 
E' =0.2006785 x 10-22 m‘/(m'‘)4 


Since the 1962 Standard like the earlier Standards 
used 9.80665 m sec-! as the sea-level value of the 
acceleration of gravity, this 1962 Standard may be 
associated with the reference latitude 45°32'33”, at 
least at sea level. Consequently, a comparison of 
24H) with Zy(H) in the form of (2,—Zx) gives an over- 
all indication of the uncertainties introduced into the 
# to Z relationship by using the simplified expressions 


of Eqs. 44.8) and (4.9) rather than the complicated 
method used in the 1962 Standard. 

4.3.3 DESCRIPTION OF THE GEOPOTENTIAL 
TABLE. ~The basic format of Table 4.20 is such as to 
provide one set of values of Z3 —Zx as a function of the 
argument pair, Zz and Hx, for each of seven latitudes. 
The argument pair occupies columns } and 2 while 
the successive sets of values of Zs—Zx, corresponding 
respectively to each of the seven successive latitudes, 
occupy the columns 3 through 9. Column 10 contains 
the sct of values of Z,—Zr. 

The particular format of the table is dictated by the 
large number of entries in the column of Zp a3 com- 
pared with the small number of values of latitude. 
Actually, the table will probably find its greatest use- 
fulness in translating atmospheres computed for the 
reference latitude to other latitudes. From this point 
of view, latitude is -he argument or independent vari- 
able and the table is found to provide differences in 
geometric altitudes for 256 equal geopotential surfaces 


as a function of latitude. The title of the table reflects 
this usage, 
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TABLE 4.20. — Geometric Altitude Differences Zg— Zp of Equal-Geopotential Surfaces Ha as a 
Function cf Latitude @, where Reference Latitude R = 45°32'33" 
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TABLE 4.20. — Continued 
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Taare 4.20. ~ Continued 


Geometric G tential} Ze—Zeim) 
Altitude fopotentia Latitude @ (Deg) 


Ha(m’) 
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TABLE 4 20. — Continued 


24-Zaim) 
Latitude ¢ (Deg) 2-2. 


Fa HE AGI |  Ca F 7 
42161 24740 9001-2289} -402e7 | -46644 Lev : ‘4 
43403 254eT Ged] ~2360e0 | -41502] ~48009 120 ! 
44704 | 26204 9e6} —243 61 | -42768 | -49505 lel 
46006 27042 9e9 | —25003 | -44004] ~51001 le2 
47309 277 oF | 1002 | —-25705 | ~453e1l | —52K0T7 1.3 
48722 28507 11004] —264e7 | -46508 | —53905 Let 


Geometric 
Altitude 
Zgikm) 


feopotential 
Hen’) 


16557200 
17031143 
17504304 
1797682 
18448568 
189196642 


193899 04 
198595 04 
20328403 
20796601 
21264007 
21730802 
22196867 
22662201 
231268 64 
23590707 


50025 29306 P1O]07 | 27109 | -47805 | -5540e2 165 
$139 301¢4 F1leO | -27902 | ~49103 | -56900 1¢6 
$27.3 30903 Jlle3 | —28605 | ~S04e2 } -58309 ]e7 
640.8 BLTe2 J 1ll0e& | ~29308 | ~-51760] —598 a7 1.8 
$5463 B25e1 [1109 |} ~30l)el | -529e9 | ~61307 1.9 
567-8 333¢0 [Ife] | —308e5 | -54269 | -628e7 20 
58104 34160 [1205 | ~315e9 | ~55508 | -64307 2el 
595-0 34900 1207 | —-32303 | ~56809 | -65828 2e2 
60807 35700 |[13¢0 |] -33007 | -581e9 | -67309 2e3 
&2204 3650 [136463 | -3380l | -595.0)] -689e1 204 


meme ei 
Sari i foe ove 


24053909 
24516502 
249783 25 
25439408 
25899961 
26359605 
26818720 
27277065 
27734702 
28191740 


63601 37301 [1306 | ~34506 | -6080e2 | -7)403 26 
6500 381002 $1309 | -3530e. | -621.3 | -71965 gel 
66328 3B9e3 11462 | ~360e6 | ~634e6 | -734e9 208 
67706 397 0% [1405 | ~36B 02 | ~64708 | ~7500e2 320 
69106 40506 [140¢8 | ~3756e7 | -661lel | -7650e6 Bel 
70505 41308 [15061 | ~38363 | -674e5 | -78lel J 303 
71905 42260 11504 | —-39009 | ~68769 | -79606 
73306 43002 (1507 | -39805 | ~7Ole2 | -8l1l201 366 
74707 43805 [160C | -40602 | -714e7 | -82707 328 
76108 44608 | 16063 | -41308 | ~728e2 | -84303 400 


77600 45501 | 1606 | -42105 |] -741le7 | —85900 &el 
80404 47168 [17 e2 | -43760 | -768e9 | -89005 4e5 
83401 48806 (1708 | -4520e6 |] -79603 | -92202 4e9 
86:09 5055 11864 |] -468e2 | -823.8 | -95401 503 
89069 §22¢5 1961 | -48309 | -85165 | -98601 507 
92020 $3906 11907 | -499e7 | -87903 [-1018 3 be2 
94903 55607 $2003 | -5150e7 | -90763 [-105068 607 
9788 57400 | 20069 | ~53106 | -93505 [1083 44 TeZ 
1008-5 $9104 [2166 | ~54707 | -96368 |-111661 Tel 
103862 608eF | 2202 | -56400 | -99203 |~11490el 8e3 


286479 09 
29558502 
30466302 
31371400 
32273709 
33173408 
34070409 
349648 04 
3585653 
3674658 


e 
Ae eA SRNR 0036, A ah ARO ate be IONE ER AEE I SOR cian net oie gee oe 


10682 62604 | 2208 | -S8002 J-102009 |-118263 8e9 : 
109804 64401 § 2365 | -59606 [-1049e7 [-i 21526 J 905 i 
112847 66109 | 2he2 | ~61300 J-1078 06 [-124901 J 1001 i 
115902 67968 | 2408 | -62906 [-1107 08 |-128269 J 10-8 i 
118929 69708 | 2505 | -64602 [113760 J-1316607 ff 1104 
122007 71508 | 2661 | ~66300 [-116604 [-135008 § 1202 
1251l¢e7 73420 2608 —679 07 1-119600 [-13850e0 12¢9 
12828 T5203 | 2704 | —69607 f-1225 68 J-141905 F 1367 
131402 77006 | 28 el | -71307 [-125567 (-145401 J 1465 
1345067 TBIel | 2868 | —73068 [-1285e7 :-148809 J 1563 


37632060 
385156.0 
393969 09 
40275507 
41151508 
42025001 
428956809 
43764240 
446299 08 
45493203 


1 ; ; 
a ee pete as lh ih tn abi an li da tia ci etiam sittin on nnn Ret ad bit ut nite oan 
. - tolen 


Bor me 


tee Ree 


OTE TIA cone ETS NMR, RECN komen ecm aneeeetreeennee wegb-hretuipetmtanewure: sme meme 


89 
TABLE 4.20. — Continued 
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PART 5 


Tables of Properties of Supplementary Atmospheres to 120 Kilometers 
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Table 5.) 


Sea Jevel to 120 km 


TEMPERATURE, PRESSURE, DENSITY, SOUND SPEED, COEFFICIENT 
OF VISCOSITY AND THERMAL CONDUCTIVITY 


Metric Units 


ee neni 
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TABLE 5.1. 
15° N. Annual 


98 
GEOPOTENTIAL ALTITUDE, METRIC UNITS 
eg ed ed ed 


1 eee ee anne ane cea mR eNO 


i QO | 302.59 29. 44 14.44 1.01325 ¢ 3 lodeT ¢ Gl 0.952 3eUeT 

230 23h | 300.913 27. % 14.39 9.850 2 1.240 0.953 34T.? 

S00 50h | £99024 26.09 34.34 9.473 Lekas 0.955 | 346.8 

Tho 752 | 297657 24042 14029 92303 1.089 0.956 | 345.8 

c= 1000 1002 | 295.89 2207 | heed 92039 1.064 0.957 344-8 

i 1250 1253 | 294.25 21.10 14.23 a.Tai 1.040 0.954 343.9 

a a : 1540 1504 | 292.61 is. 06 tee2d 8.529 1.085 0.960 342.9 

. avso 1735 | 290.98 17.63 14.20 $2203 BeP1T — 1] Oe DOL 342.0 

2000 2605 | 289.34 16.19 14019 6.043 9-654 0.963 341.0 

2250 225@ | 287.72 14.57 lool 72809 96455 Q.963 | 340.0 

2909 2507 | 287.74 14.59 15284 7.580 GATT - 1] 0.959 | 340.1 

278) 2750 | 260.03 12.06 15.74 70353 6.962 0.961 339.0 

300) 2008 | £04.28 Alo. 15-63 Tol4t 8.750 0.963 338.0 

oo BS 3259 | 202.55 9.40 15.53 0929 8.543 0294 | 337.0 

3$0) 3520 | 260.62 7.07 4$.42 Oo%22 3.339 0.906 | 335.9 

375) 3761 | 279.09 5e% 15.34 @.520 G-136 0-968 33469 

4001) 4012 | 277.36 4e2h 45.21 60323 74948 0.970 33309 

42) 4263 | 275.66 265k 45.13 6.135 76746 Q.978 33268 

450) 4316 | 273.95 0.80 45.05 5.943 74557 0.973 39108 

47s e365 | 272.24 0.91 14.97 $2760 7.340 0.975 330.8 

3000) SOho [| 270.54 2.01 14.489 3-561 7e147 - 110.976 | 529.7 

5250 $267 | 268.83 4.32 44.80 $0407 7.007 0.978 326.7 

5500 5510 | 267.12 76.03 14.72 3-238 6.831 0.900 3276S 

$750 5769 | 265.42 7673 14.04 $.072 6.658 0.982 326.4 

0001) #020 | 263.71 9. 14.50 eek 6.488 0.983 | 325.5 

e2H) @27L | 262.02 | ~A1.13 14449 Cree) 6.321 0.985 3249 

e501) @522 | 260.32 ~12.83 A4a42 4.001 6.1586 0.98? 32564 

e750) O73 | 250.63 | -14.52 14.30 4a452 5.997 0.989 32244 

100) WO2e | 250.94 | -leo2) 14.29 40307 5.840 0.994 32104 

75h) 7275 | 255025 | -17-90 14022 4olbo 52686 0.92 320.3 

7$0)) 7826 | 243.56 | ~19.59 14.16 4-028 50335 ~- 1] 0.994 31902 

ws 7770 | 251.06 | -21.29 14.09 3.695 5.387 O.996 | 31861 

#00) #029 | 250.17 | ~22.98 14.02 3.74 $2242 0.998 3hTalb 

a25) O2a0 | 248.69 | -24.66 13097 3.638 $2100 4.000 316.0 

Sas 830) 0331 | 246.81 | ~26.34 43.91 Sedo = 4.360 1.002 | 31469 

875) e703 | 245.13 | -25.02 13.85 3.394 4.824 1.004 | 313.9 

900) PO | 243.44 | “2971 13.79 3.278 42690 1.006 312.8 

925) 9205 | 244.76 | ~3)-3% 14094 3eloe 4.560 1.008 | 311.7 

9500 9537 | 240.08 | ~33.07 13.68 3.054 40432 1.010 310.6 

Coes 9750 $708 | 230.40 | -39.75 13.02 22947 42306 t.o12 30905 

$0000 | 10039 | 236.72 | ~36.43 13.47 22643 40164 ~ 1] 2.014% | 306.4% 

AQ2!0 10291 255.06 | ~380k1 43.5) 4o742 42004 46086 | 307.3 

10560 10542 | 233.36 | ~39.79 13.46 2-644 30946 1.018 306.2 

4071.0 10792 | 23)-@u | ~o1. 6? 14440 22548 3.032 £.020 | 305.1 

a2ROHO 11049 | 230.00 | ~43. 15 13.35 20456 40720 4.022 304.0 

450 11548 | 2260.65 | 46.50 10-00 22°79 3.502 1.04) 40168 

42030 12051 | 223.30 | -49.05 6005 2112 30295 1.060 | 294.6 

12500 12554 | 219.95 | ~53.20 3230 4.955 3.097 1.078 | 297.3 

| 43060 13057 | 216.00 | ~56.55 ~0.05 1.008 2.908 1.095 295.0 
Asreo 13960 | 213.25 | ~39.90 3.440 1.670 2.728 Ledk2 2920? 

140000 140@4 | 209.90 | ~63.25 0.15 1.541 20957 - L] b.d2? | 290.4 

14000 19567 | 206.55 | -46.60 | ~10.10 1.419 | 20394 1,142 206.t 

459000 A507L | 203.20 | 69.95 713645 1.306 2.238 1.156 | 205.8 

' 47300 1997 [| £99085 | -73030 | -16-40 12200 2.091 1.168 253.4 
i 4/000 46078 390.50 “20015 12100 1.951 t-100 | 281.0 
f 43300 16562 493515 ~23490 4-006 1018 aeid? | 27.6 
t 41000 176¢@ | 193.15 721.50 9e232 h648 de1l66 | 260.0 
: 17900 47390 | 197,15 719.50 Bo462 12495 hed4d 26165 
18000 18094 | 199.15 ~17.50 7.703 1.3968 Lo12d 26209 

.6500 4a59@ | 201.15 15250 7.128 4.234 1.107 204.3 

19000 49102 | 203.15 “13650 6.350 £2123 - 1] 1.090 | 205.7 

q 49500 19606 | 205.15 11050 6.025 1.023 1.074 | 2a7.h 
) 20000 20810 } 207.18 “9.50 52548 Ge326 - 2) 12059 | 288.5 
20400 20615 | 209.45 6.00 3.109 4.909 1.008 | 269.9 

i 21000 24819 fF 2i1.15 6.59 4.710 Vo70k 46038 | 24163 
d 21500 21624 | 213015 5.00 4.345 Tol OZ 4-028 292.7 
22000 2ahz2e | 245615 73450 e012 00497 1.019 | 294.0 

22500 22633 | 216025 2590 3.707 5992 1.015 29404 

23666 23058 | 247235 -2.30 3.426 20491 1.012 299.5 

23900 23003 | 218.43 | - w~1el0 3elos 5.052 1,008 | 296.3 

24000 24148 | 219.55 1.10 22930 e649 - 2] 1.005 | 297.0 

24906 24653 | 220-65 0.50 2o7th 42280 1.002 297.4 

25000 2515@ | 221.75 0.10 2.310 3-943 9.999 296.5 

24500 25663 | 222.85 0.70 2.324 3.633 9.99% | 9%.) 

20000 2ohes | 225.95 4.30 20153 3.949 0.99% | $09.0 

76500 26614 | 225.05 1.90 ho 995 5.089 0.992 300.7 

#7000 27179 | 220.15 2.50 1.850 22049 0.990 AGAGS 

27500 27665 | 227.25 3.10 2.785 22630 0. 9b4 30202 


28000 26190 | 220.35 3.70 2.592 22428 0.987 302.9 
26500 24096 | 229645 4-30 Loot? 2.243 0. v6 303.7 
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Tasie 5.1. ; 9 : 
15° N. Annual = Ma 
GEOMETRIC ALTITUDE, METRIC UNITS 


Thermal 
conductivity 


: ‘ P Lis Cc. & 
Z,m Hom T.°K °C T--Tya P, mb pokem? oe neces Stogon Fares! 
° 0 302.99 29044 14-44 1.204325 + 3] 1.000 LleleT © QO] 0.952 30867 
250 249 300,92 at.i7 14.39 9.850 + 2] 1.00% 1.140 0. S43 327.8 
4500 dd 299.25 26.10 14.35 ert 1.003 2.125 O.8S55 | 34068 
740 74 | 297.58 | 2e.42 | 14.30 94305 2.005 | 1.089 Q.950 | dered 
Looo 998 295.41 22.16 14.26 9.042 1.006 1.064 0.997 Dood 
1250 1247 | 294.e7 | 20.12 | be.zo 6.785 1.608 | 1,090 Q.958 | 3436 
1500 1496 | 292.04 | iseev | Le.ce 86533 j 1.009 | 1.016 0.960 | 34269 
4750 4745 | ¢91.04 | 17.86 | 16.23 Be2se L.oan | 9.922 - 3] 0.901 | 94200 
2000 1995 | 269.37 | Ipe22 | 14422 8.048 1.012 | 9.089 =| 0.962 | ael.o 
2450 2244 2ur.te 14.61 4.23 7.814 1.0L& | 9.%60 0.94% 34001 
2500 2493 | 287.74 | 24.59 | 25.8% 7.586 ¢ 2] 1.016 | 9.165 - 1] 0.960 | Bed. 
2730 2742 286.07 12.92 15.78 72304 1-017 8.968 0.961 gd9el 
3006 2992 25%.34 11.1¢ 15.08 7ehee 1.019 aeTST 0.963 326.0 - 
3250 3241 242.02 9.47 45.58 @.936 1.021 8.550 0.965 53700 ‘ 
3900 3490 | 280.89 7.7% | 15.48 6.730 1.024 | 9.347 0.967 | 336.90 
3750 $739 | 279.17 6002 | 1o.38 6.529 1.02> | 8.147 0.908 | 334.9 
#000 ayue | 277,94 4029 | 1S.28 62332 1.027 | 7.951 0.970 | 333.9 
@250 4237 275.7% 2059 15.20 2140 1.029 Fe75T 0.972 33209 
4500 4euo | 274.04 Ovay | doele 50953 16031 | To507 0.974 | 331-9 
4750 @T33 £72.34 ~O.8h 15.04 5.770 2.033 70381 Q.970 33008 
3000 4984 | 270.6% ~%-51 14.97 5.592 ¢ 2] 1.035 76198 - 2] On9Ta 52908 
5250 5233 | 208.9% | -4.21 | 16.69 5e4ld 1.037 | 7.019 0.979 | 2c 
200 D4U2 | 2o7e2s | -Sevl | 14.81 52250 1.054 | 0.843 0.981 | 32767 
2750 S73L | 265654 | -~Teol | 14.73 $.0a5 1.641 | 0.071 0.983 | 326.3 
0000 9960 | zo3.a4 | -9.31 | 14.66 40924 1.043 | 6,501 0.985 | 325.0 
0250 6229 | coz.16 | “10.99 | 14.59 4eI67 12045 | 6.335 0.987 | 3240 
6500 e474 | 200.47 | -12,08 | 14.53 4-614 10047 | 0.172 0-969 ] 32365 
6750 otzi | 258.79 | -14.30 14.47 0406 1.049 o.012 0.990 322.5 
7000 4926 | 257,10 | -16.05 14.40 4.321 1.051 $-855 0.992 321.4 
T25¢ 7225 255042 | ~17.73 14.3¢ 42180 1.053 5-701 0.994 32004 
7500 Tate | 254.73 | -19.42 [| 16028 40003 #2410056 | 5.551 - 1] 0.990 | 31963 
1790 7723 | 252605 | -21010 | lee2d 3.909 4.058 | 5.403 0.998 | 3iue3 
8000 77k 250.37 | -22.78 d4e15 3.779 1.0600 5e258 1.000 3172 
8250 8220 | 248.09 | -24.46 14.10 30652 12062 Selio 1.002 dlool 
3500 8469 | 247.02 | -26.13 14.04 3.529 1.065 42977 1.004 Bldel 
3750 QT18 | 245.34 | -27.83 13.99 3.410 1.007 | 4841 2.006 | 314.0 
9000 3966 | 243.67 | ~24.48 13.94 3.293 1.0609 4-706 1.004 312.9 
9250 9215 | 242.00 | -31.15 13.09 3.180 L-O71 | 4.578 1.010 | 31169 
9500 94br 240.32 | -32-63 13.63 3.070 2.074 | 4.450 1-082 310-8 2 
9750 ¥TLe | 236465 | —34.90 13.78 20903 L.076 | 4.325 4.01% | 30967 
10000 9961 236,98 | -36.17 13.73 22859 # 2] 1.079 | 4.203 ~ tl 1.016 308.6 
10250 10210 | 235.31 | +37. 44 13.68 20758 40082 | 4.083 1.016 | 307.5 
10500 10456 233.6% | -39.51 13.03 22660 1.064 32966 1.021 30664 
10750 10707 231.97 | -oh. 18 13.98 22565 1.087 3.851 1.023 30503 
1100¢ 10955 230.30 | -42.405 43.53 22472 1-089 30739 1.025 304.2 
11500 11452 226.97 | -46.18 10.32 22295 1.094 36523 1.044 3202.0 
12000 11949 a23.0% | -49.51 2.99 20128 1.097 3.316 1.064 2299.8 
42300 12446 22003k | -52. 846 3.66 1.972 2.100 36118 1.081 297d 
43000 12943 | 210.98 | -56017 0.33 1.426 1.100 | 2.929 1.099 | 29503 
13500 13440 213.05 | -59.50 ~3.00 1.686 12100 2.749 BekbS 293.0 
14000 13937 210.32 762.83 6.33 12556 * 2] 1.098 20578 - 1] Led3k 29067 
14500 14433 207.00 | -60.15 9.65 1.435 1.095 2-415 eheT 288.4 
15000 14939 203.67 | -69.48 love 1.321 1.091 2.200 deitO | 28001 
15500 15426 200.34 | ~F2.6) 710.31 22215 2.085 | 2.112 LolT3 263.7 
46006 15923 197.02 | ~Fooid | ~19.63 1.15 1.078 8.972 4.285 261.4 
16500 L649 | 193.69 | -79046 | -22.98 1.023 1.068 | 1.4039 $0195 | 27900 
17000 Looks | 194.0h | -78.34 | -21.84 9.370 ¢ 1[ 1.059 | 1.676 Ael7e | 2798 
17500 d7ahi 4960.79 | -10.36 ~19.86 42593 1.050 AeS52k 1.150 | 281-2 
16000 17907 196.768 | 74.37 "17.67 Ted88 1.043 1-302 1-437 | 282.6 
14500 16403 | 260.70 | -92.39 ~1l5e84 Todee 1.036 1.257 Lelie 284.0 
49000 10899 | 202.45 | -70.40 713.90 6.603 * 1] 1.030 36165 - 2] 1.101 265.4 
19500 19395 | 204.73 | -e8.42 | -11.92 e131 1.025 | 1,043 1.085 | 246.8 
20000 19991 206.71 66.44 9.946 3.047 1.021 BeS516 — 2] 1-070 | 2bd02 
20500 20386 | 206.69 | —-o4e46 8.39 5.204 1.016 6.086 1.059 | 289-6 
21000 20842 210.68 | ~62.47 0.90 4.401 42015 72938 1.04@ | 291-0 
21500 24377 212.06 | -60.49 2042 e452 1.013 72260 1.039 | 29203 
22000 21673 | 214.64 | -58.5) 3.93 42094 1.912 6.645 4.030 | 29307 
22500 22506 215.96 | -57.19 w4ell 3-785 2.010 | £.105 1.025 29666 
23000 22663 217,05 | -50.10 w2edd 3.500 1.010 52618 1.621 29503 
23900 23359 | 218614 | 35.01 71.92 32238 1.009 SehT2 1.018 29661 
24000 23054 | 219023 | -53.92 1.33 2.997 @ 2] 2.009 | 4.763 = 2] 1.015 29608 
24500 24349 220232 | -52-63 0.7% 2.775 1.009 | 4.389 L.Oh2 29766 
29000 24844 €21.41 | -51-74 “O15 2.571 1.009 4.065 1.009 290.3 
25500 25339 | 222.49 | -30.66 004d 2.382 1.009 | 3,730 1.007 | 299.9 
20000 25633 | 223.58 | ~49.57 1.04 22208 1.009 3.441 } 1.004 299.8 
20500 26326 224067 | 46.46 1.63 22048 1-010 30176 1.002 30005 
27000 20823 225.76 | -47.349 2022 1.900 4-041 20832 1.001 SO1e2 
27500 27r317 226.85 | —46.30 2ed2 1.763 1.012 2.708 0.999 301.9 
28000 27@12 227.9% | -65.21 3.41 1.637 1.013 | 2.902 0.998 20207 
20500 26300 | 224.02 | -%4.13 4.00 1-520 1.014 | 2.313 0.996 20304 
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29006 29202 
a9s00 aero? 


30000 30213 
30800 30719 
31006 3122s 
$1300 SA¥32 
32000 dane 
32006 3223) 
34000 34204 
33900 35277 
36000 3e291 
37000 37305 
30000 20319 


39000 39334 
0000 40349 


41009 41304 
42000 42300 
430990 43305 
40000 44Ol2 
4500u ehe20 
#e000 46445 
47900 47403 
48200 40400 
49000 4949s 
$0000 505 le 
$1000 $0535 
$2000 52554 
53000 33573 
$4000 5a592 
$5000 55612 
se000 | 508632 
57900 57053 

; 58000 seers 
‘ s900¢ 59695 
7 60000 60716 
ae #1000 61738 
1 42000 62760 
62000 03763 

ss oa ae 64000 04804 
65000 95428 
#0000 66052 

Es 07000 ol6Td 
06000 68900 
#9000 69924 
70000 T0949 
71000 WL974 
72000 12999 
72000 14025 
74000 7503) 
73000 Poot? 
70000 77104 
77000 7913h 
78000 T9159 
79000 6028 
#0600 el214¢ 
81000 62243 
82000 3227) 
83000 94300 
#4000 45330 
35000 86399 
86000 073869 
37000 36420 
#0000 89450 
@9000 9048) 
99800 91543 
92000 93576 
94000 s5001 
90000 97708 
44000 99717 


199000 101644 


402000 1039)¢6 
104000 105946 
106000 108059 
108099 240133 
11,0000 1L2209 
412000 AL4266 
114000 119364 
116000 118444 


243.75 


243.98 
240015 
250.35 
252.59 
254.75 
238.93 
259.15 
261.35 
263.55 
405605 


207.95 
270.1% 
270.15 
270.45 
270.15 
270045 
200045 
206.33 
204.15 
262019 


260.15 
256.15 
250015 
254015 
250.65 
ZeTeid 
245205 
240.15 
236.65 
233615 


229.05 
226,15 
224.05 
219.15 
235,05 
2h2.15 
208.65 
205.15 
201.65 
498.15 


494.865 
192.15 
167.65 
164.15 
1if.ns 
177.1? 
177k 
177.1? 
1?77.cs 
L77o%e 


D77.%> 
177.%3 
177.273 
Tle. 3? 
WPoan? 
dale 
L4>e32 
Pa7.47 
1y%. 4? 
Tarevd 


Pond 
FLI,4e 
erat 
eee th 
Pree! 
PB4els 
SPJ oor 
394699 


~50.50 
54200 
57.50 
“01.00 
“64.50 
06.00 
~73.50 
~75.00 


~78.50 
782.00 
"85.50 
89.00 
9209? 
"96043 
“Yo. Fe 
~96. 749 
“Poel 
“910 Dd 


“Goo th 
“945419 
w4he)l 
“Ihe 75 
“94,40 
-FRL 28 
wale th 
~85e24 
~42, 73 
-A%% 17 


woe ad 
~69.951 
a3 t2 
“Vale 
14.65 
loots 
49,5? 
31.5) 


TABLE 5.1. — Continued 
158° N. Annual 


GEOPOTENTIAL ALTITUDE, METRIC UNITS 


Sound Thermal 
apred conductivity 
Cc, “ 7 


4.90 3.372 e1 
S240 i.2T4 
4.10 i.kes 
e770 1.100 
7H 1.023 
7.90 9.510 ¢0 
@.50 a.ae? 
7290 FoGbS 
7230 4.650 
.7O S.TTY 
210 5.024% 2-6 
HoAC aedle 
o.90 32815 
4.30 32330 
3.20 2.91) 
3029 2.547 
2.50 2-238 
1.90 1.957 
4230 La7ae 
@.70 1-810 
Oekd 42328 oa) 
“0.50 LeL7O 
0.50 12031 
“0.50 9.085 ~.t 
70.50 8-006 
“0250 7.053 
2.50 214 
“2.90 Se408 
72290 4.007 
"2.50 40222 
2250 3.704 -1 
~2.50 se2st 
“2290 2.843 
~2250 2.486 
4200 2072 
~3.30 1.093 
~5.00 hoe? 
4.50 1.430 
4.00 1.239 
3.50 1,072 
-3.00 9.204 + 2 
“2250 7-957 
2.00 90833 
4.50 52854 
1.00 5.003 
0.50 42264 
0.00 30625 
0.90 30073 
1.00 20598 
4.56 2o190 
2.00 1.840 -2 
2.50 1.542 
3.00 1.287 
3250 1.071 
0.02 8.681 - 3 
3-53 7233? 
~3.56 2050 
3.55 4.989 
3.57 elle 
3058 34393 
3.59 2.798 - 3 
3.60 2.307 
w2262 4.902 
4.52 32569 
~5. 8% 1.495 
~B.45 €.880 -¢ 
“11.39 0.240 
"14.89 4e278 
718.29 3.003 
“hte 2e124 
“22023 3-523 - 4% 
719.82 1.118 
-16.h0 6.361 ~ 5 
“14.11 6.356 
~20.77 4.904 
"6.5K 3o871 
7.9 321%0 
22.23 22602 
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TABLE 5.1. ~Continund 101 
15° N. Annual 
GEOMETRIC ALTITUDE, METRIC UNITS 


; . Sound | Coefficient Thermal 
Altitude Temperature Deasity apeed of viscosity | conductivity 

, ~ : 

pine [mw [nx [oe [rm | nm |G Pom |B [aS hhen tue tty 


29060 20601 230011k 4.59 1.418 + 1] 1.016 20338 - 2] 0.996 30401 1.498 - $] 4.931 = @ 
29500 29295 231.20 5.18 3.313 1.016 1.978 0. 995 204.8 1.400 4.993 
30000 26789 232029 5.78 le22. 1.020 1.03) 0. 994 305.5 1.506 4.974 
49)00 30283 233.37 6.47 40435 1.022 be@95 01 994 400.2 a.Sl2 4.996 
31690 SGTIT 2dbeen 040 1.656 1.024 46569 0.994 307.0 4.518 $.017 
31500 327k 235-95 7.95 9.830 ¢ O07 1.027 1.454 0.994 30T7.T 30 92¢ 32039 


scm cacti biti an ih iii de, 


32000 3a7es 230.03 Bole Vold2 1.029 Lo34? Oe 994 308.4 ened 52000 
33000 32753 238400 72.83 Fed4l 1.035 1.156 4-001 309.8 Look 3103 
34u00 33740 240090 7e23 @.900 1.040 9.97e - 31 1.004 3hie2 1,552 5.146 
39000 34727 245015 6.63 4.063 42045 4.600 1.016 L206 1.96% S.hey 


36000 35713 245432 6.04 5-229 oO] 1.049 70425 ~ 3] 1.023 314.9 1.975 - 515.231 - 6 
$1000 36700 247.49 5.44 4.$61 4.053 Os419 1.029 Shd04 1.986 S274 
48000 37686 £49.60 ote 3.983 1.056 5-55? 2.035 310.8 1.997 5.316 
3v000 38671 251.63 4.24 3e4a2 1.059 4817 1.041 3lé.L 4.009 5.32 
#0000 a9oST 29499 3.04 3-046 LeQe2 Sell 1.046 319.5 1.020 5-400 
41000 40042 90010 3.05 2.67 1.004 3.033 1.051 320.8 be Odh s2 
#2000 @ioze [| 258.33 204d 20344 12069 | 3elel 3.055 [| 322.2 | 1.042 

43000 ecoll 400.49 1.65 22059 1.067 25753 1.059 323.0 1.653 

44000 43595 262.60 1.25 1.alh 1.008 22401 1.063 32469 be th4 

42000 44979 | 204282 Doo 1.594 1.009 | 2.097 1.067 |] 320.2 | 1.075 


#0000 | 45542 206.99 0.06 1.405 * 0] 1.070 2.833 - 3] 1.69 32766 1.093 Se sk - © 
47000 40565 269215 O44 12239 1.070 1.604 1.072 $26.9 b.ove Sea} 
48000 47528 270015 —Oedt 1.094 1.070 Leaal 4-Q72 329.5 1,701 Sofle 
#9000 #651k 270045 "0.50 VYu665 - 272.070 1.246 1.072 32905 1.701 S712 
$0000 49493 a1O0h5 “0250 8.536 12070 1.101 1.072 | 32905 1.701 S72 
21000 50475 270045 0.50 72539 1.070 9eT22 - &] 16072 32905 1.701 %.712 
22000 Shes? 209.24 ~hedl 0.056 1.079 a.615 1.076 328.9 1.097 5.094 
93600 SZe3e 2otee? 2025 5-876 1.009% T0599 1.076 $27.7 Leoo? 90657 
34000 534.9 2oSedt ~2e25 Selot 1.0608 6-603 1-077 32¢.5 Lov? 5.619 


55000 24460 £63.32 =2024 40504 1.008 | 038 1.077 325.3 1.667 5.501 


56000 $5380 | 261.39 | 711.76 “2024 Oh? = 1] 12067 $0354 = 4] 1.076 224.1 1.057 3544 - © 

57000 50360 | 259-43 | 13.72 2-23 3.932 16066 | %.743 12075 a2209 14067 $0906 757 
28000 37340 | 257.47 | ~15.60 w2023 34103 12065 | 40199 1.07% | 32107 1.037 5.468 

59000 $8320 | 295.5) “11464 w2edd 2et2e 1e0G¢ | 3.714 1.074 32004 1.027 92430 

60000 S¥299 253.10 | “20605 “2en? 2.308 1.6063 | 3.207 1.075 318.9 1.6015 S.303 

©1000 60278 | 249.68 | -23.47 well 2.091 1.062 | 2.917 1.079 | 316.6 1.997 S.3Lo 

62000 @1256 | 246.25 | -20.90 mds deus? 1.000 20505 4-040 |] 314.6 4-580 50249 

©3000 62235 242.83 736.32 4030 1.59% 1.057 20286 42076 3h ded 1.502 5-182 

©4000 od2h3 249040 | ~43.75 “3-80 1.387 1.055 2.0149 1.072 410.2 1.544 Sehid 

©5000 64190 235.98 | -317017 73030 44206 1.053 1.780 1.0608 304.0 1.526 52047 


ama nla di anni ini tit Alin i i akan att ae i 
a jain midst pak ks nn ne die 


66000 65168 | 232.56 | -40.59 -2.60° 1.0065) - £1 26052 [| 1.566 - 4] 1.00% | 305.7 | 1.508 %.980 - 6 

07900 66165 | 229.14 | -44.01 “2.30 9-067 ~ 2/1.050 | 1.375 1.001 | 30365 | 1.489 4.912 

69000 OTA2U | 20he72 | -47.43 1.80 T.el2 1-049 | ba206 1.056 | 301.2 | 147k 4.69% 

69000 o90s8 222e3h -50.% ~Ledl o.731 2e049 12055 1.055 298.9 40453 4.75 

71o0u0 69074 218.89 34.26 0.61 9.76? 1.048 9210 - S] 1.052 29666 e434 4.707 

74000 70050 | 2l5e%? | -57,68 “0.31 42963 1.048 ] &.024 1.080 | 294.3 | 1-415 4.638 

72000 71025 212206 ~@1.09 0.18 e247 1.049 6.977 1.048 29leyv 1.396 4.569 

73000 72062 206.65 64450 0.08 3.6025 1-049 6.052 1.046 28906 bo377 4.500 

74000 12976 20$ead ~6T 092 1.16 3-086 1.050 50238 16044 287.2 4958 4.431 

75000 73950 201.42 “71.33 1.6? 22620 10052 46523 1.043 264.8 1.339 edoh 

70000 14925 196.4) ~T4.74 2017 2e2l9 ~ 2 1,054 3.895 - S] 1.043 520% 12320 e292 ~ 6 i 
77000 75099 [| 145.09 | -7a@.15 2.66 1,973 16057 | 30367 1.043 | 279.9 | 12300 40222 { 
78000 Toul2 191.60 61.55 3.7 1.577 1.060 2.868 1.043 277.5 1-260 e152 a 
79000 7764S 168.19 ~ 840% 366 1.324 1.006 2045) ba043 275.0 1-20) 4e0al \ 
90006 T8819 Lsea 75 ~Ais. dT 4.13 22108 1.006 2-008 1.04% 272.5 Le2el 4e0)1 ‘. 
84600 719792 L381. 4? ~91eTi 0.7zZ ek30 - 3] 1.072 1.774 4.064 270.0 2.22) 32940 } 
#2000 807 bs 177.49 ~9960% “2.70 1.678 1.071 1.503 4-087 267.4 1.200 304870 { 
#3000 81736 177,uk “Gree -3.56 6.366 1.068 be292 1.089 26008 1.196 30452 3 
84000 az708 177.1% "96.95 3.55 $.276 1066 1.038 1.065 266.8 1.190 3o852 : 
#5000 43680 17?e 8 "Foes 3.56 40376 1-002 8.006 ~ 6] 1.082 20608 1.196 
800090 $4651 VTP. 4 ~96,7F 3-57 3.629 ~ 27] 1.058 Tel34 - G} 1.078 266.8 1,196 i 
#7000 05022 WT. do ~BA 9 -3,59 3.009 1.054 SeVlT 1.075 266.8 1-196 : 
48000 30593 177.9 96.17 =3.6U 26495 L.O9L | 4.907 1.072 | Zé0.8 | 1-196 

89000 a?se3 LTT. -96.1L wSeS1 2-069 1.047 4.0710 1.008 200.8 A-LPO 

90000 asa | 177.7: “Poate 1 be Thb 16046 | 3.375 1.065 | 260.8 | 1.196 

92000 0472 Vive 5) -G3,a5 da1b4 16034 aoh99 heOTL 26920 1.213 

94000 92410 LB2eds “97,27 8.227 m 474.020 1.556 1.068 Peete 1.230 

96000 94347 145.77 wO7Te 34 5.763 1-003 1.069 1.060 27408 1.259 : 
98000 ge20} 136.25 64,92 716,05 4.067 0.983 7a39h ~ 7] Le Oey 27726 ledul ; 
100000 e2iT 190.7. A260) "19050 2.891 0-901 5al50 4.035 2800% 1.3503 { 
102000 4002S) 194,92 -h4.23 25.74 2.070 = 4) 0.936 7.60) - 7) 1.032 40330 : 
104000 102083 Faber Da) -67.10 wese2u 12905 QeGlL2 2o%h 90983 1.407 : 
1906000 104014 #17. de -2502) 20.6% 12116 0.896 4.707 Ve 946 4.482 1 
108000 1059903 274.78 onde tT “16.07 6.429 ~ 3] 0.885 be2h5 0.918 4.950 ' 
110000 1OTeTZ 241,99 31.6) “15.45 6.466 0.479 BeGhB - A] 0.897 1.627 j 
412000 109799 | 755,25 | -t2.99 | -22.66 5.030 Q.873 | 6.509 0.40 1.697 ‘ 
424000 Adat2s 204.07 19.42 "10.95 3-992 0.869 4oS9h 02403 12860 
116000 413050 Bhowde 2.67 2081 34252 9.616 30342 Qub2e 22025 
418000 415523 347.47 4,72 16054 2.704 0.8n9 2oS13 0.4807 2.181 
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EEE 


288.52 
287.79 
266.88 
286.06 
205.24 
284,46 
283.55 
282.71 
261.86 
280017 


278.48 
270.79 
275.10 
273042 
272% 
270.07 
268.39 
266075 
269019 
2030460 


261.81 
260017 
258653 
256.08 
255224 
253061 
251298 
250.34 
246-71 
247.08 


245245 
243.82 
242018 
240.56 
238693 
237.30 
235.67 
234.05 
232.42 
230679 


229216 
227.53 
225091 
224628 
222.6% 
219.40 
216015 
2146.85 
213455 
212.25 


210.95 
209.085 
208.35 
207.05 
205.75 
204.45 
203.15 
203.15 
203.15 
204040 


205.65 
206.90 
208.15 
209.40 
210.6% 
212290 
213153 
214585 
225.15 
216015 


2irels 
266.15 
219.15 
220.15 
221.15 
222.15 
223645 
224.15 
225.15 
26015 


TABLE 5.1.—Continued 
30° N. January 
a eee ALTITUDE, METRIC UNITS 


a ea 


45,37 
14.55 
13.73 
12.91 
12.09 
abe25 
10.40 
9. 5e 
4.71 
7.02 


$.33 
3.04 
1.95 
Q.27 
“1.41 
-3.08 
-4.76 
-6.40 
-6.05 
9069 


~il.34 
"12.98 
14,62 
~16.27 
~17.91 
~19. 5% 
“21,17 
22.51 
~2% 04% 
-26.07 


~27.70 
=-29.33 
-30,97 
-32.59 
~34.22 
-35.85 
-37.48 
~39.10 
740,73 
742.36 


“43.99 
745262 
“47. 24 
“48.87 
-50.50 
~53.75 
~57.00 
-58.30 
759.60 
~60.90 


62.20 
63-50 
— 64.80 
26.10 
“67.40 
~68.70 
-10.00 
-70.00 
-10.00 
68.75 


67,50 
"66.25 
-65.00 
63.75 
62.50 
61.25 
-60.00 
~59.00 
56.00 
~57200 


=~ 56.00 
~55.00 
~34.00 
~53.00 
—42.00 
-31.00 
- 50.00 
49,00 
-46.00 
=47.00 


9.912 
9.621 
90339 
9.064% 
B.796 
6.535 
6.282 
8.035 
T.784 


7.500 
7.331 
TalO? 
6.889 
6.677 
6.470 
6.266 
6.071 
22879 
5.692 


5-510 
5.332 
3.160 
4.991 
4.828 
4.608 
4.513 
4.362 
4.216 
4.073 


3.934% 
3.799 
3,668 
32540 
3.416 
3.296 
3.179 
3.066 
2.955 
2.848 


2.744 
22644 
22546 
2.451 
2.359 
218% 
2.019 
1.665 
1.722 
1.589 


1.466 
1.352 
1.246 
L.147 
1.056 
9.718 
8.937 
8.216 
7.553 
6.946 


6.391 
5.803 
5-418 
2992 
4.602 
42265 
3.917 
2.616 
32340 
3.085 


2.85i 
2.636 
2.436 
20256 
2.088 
1.933 
1.790 
1.656 
1.537 
1.425 


£eBCi80 + 3 


+2 


1.606 
1.008 
1.008 
1.008 
1.009 
1.009 
1.009 
1.010 
1.011 
4.011 


1.012 
1.013 
1.014 
1.014 
1-015 
1.016 
4.017 
1.018 
1.016 
1.019 


12020 
1.021 
1.021 
1.022 
1.023 
1.024 
1,025 
1.026 
1.027 
1.027 


1.028 
1.029 
1.2030 
1.031 
1.032 
3.033 
1.0346 
1.035 
1-036 
1.037 


1.036 
1.039 
1.040 
1.04) 
1.043 
1.044 
46045 
1.044 
1.043 
1.042 


1-040 
1.037 
1.035 
1.031 
1-026 
1.022 
1.017 
1.012 
4.006 
1.001 


0.997 
0.992 
0-990 
0.987 
0.984 
0.962 
0.979 
O.977 
0.976 
0.974 


0-973 
0.942 
0-978 
0-970 
0.970 
0.969 
9.969 
0.969 
0.989 
0.969 


i233 + 6G 
1.200 
1.168 
1.137 
1.107 
1.077 
1.049 
1.025 
9-931 = 1 
9 O92 


9,457 - 
9.226 
9.000 
8.778 
6.559 
Bo 345 
8.135 
7.928 
7.725 
Te926 


7.331 ~ 21 
Tol4O 
6.953 
6.1769 
6.989 
6.413 
6.240 
6.070 
5.905 
5.742 


$.683 - 1 
5.428 
5.276 
5.127 
4.981 
4.839 
4.699 
24.563 
42430 
4299 


4lt2—- 1 
4.048 
36926 
3,607 
4.691 
3.467 
3.254% 
3,024 
2.809 
2,609 


2.421 ~ 1 
2.246 
2.083 
1.930 
\.788 
4.656 
1.533 
1.409 
1.295 
1.184 


1.063 - i 
9.905 -~ 2 
9.068 
8.306 
T.ohl 
6.979 
6.402 
5.883 
$.467 
4.972 


4.574 - 2 
4.210 
3.876 
3.569 
3.288 
3.031 
2.79 
2.577 
2.378 
20395 


1.000 
1.004 
1,001 
0.998 
0.995 
0.993 
0.991 
029939 
0.98. 
0.988 


0.988 
0.989 
0.990 
0.991 
0.992 
0.992 
02°93 
0.994% 
0.995 
02995 


0.996 
0.997 
0.947 
90998 
0-999 
0-999 
1.000 
1.001 
1.002 
1,002 


1.003 
1.004 
4-005 
1.005 
1.006 
1.007 
1.000 
1.008 
1.009 
4.010 


4.012 
1.012 
1.013 
4.013 
1.014 
1.031 
1.047 
1.053 
1.058 
1.063 


1.008 
1.072 
1.075 
1.078 
1.081 
1.083 
1.085 
1.079 
1.073 
1.062 


1.050 
1.040 
1.030 
1.023 
1.017 
1.010 
1.005 
1,000 
0.996 
0.992 


0.989 
0.985 
0.962 
0-979 
0.976 
0.974% 
9.971 
0. 96F 
9.967 
02969 


Sound 
apeed 


c, 
m sec kam age ' 


340.5 
390.0 
332.5 
339k 
338.6 
343801 
33726 
337k 
IS00% 
335-5 


334.5 
333.5 
332.5 
3351.5 
330.5 
329.4 
32404 
327% 
32604 
325.4 


32404 
323.4 
32203 
32b.3 
32063 
319-2 
388.2 
317.2 
3ho.2 
315.2 


314.1 
313.0 
38260 
310.9 
309.9 
308.8 
307.8 
300.7 
305.6 
304.5 


303.5 
302.4% 
301.3 
306.2 
299ek 
290.9 
294.7 
293.6 
293.0 
29201 


291.2 
290.3 
259.4 
298.5 
287.4 
23606 
29507 
E5507 
285.7 
266.6 


207.5 
20804 
269.2 
29004 
29160 
29168 
292.7 
293.4 
294.0 
29407 


295 04 
29euk 
296.48 
297.4 
298.1 
298.8 
29925 
30C.1 
300.8 
301.5 


Coefheie 


ht 


of viscusity 


begvl 
1.787 
1.783 
1.779 
1.775 
771 
1.757 
1.763 
1.759 
1.751 


1.742 
1.734 
1-126 
1.717 
1.709 
1.701 
1.092 
1.084 
1.676 
1.668 


1.659 
1.658 
Lat43 
1.634 
1-626 
1.618 
1.609 
1.001 
1.5992 
1.984 


1.576 
1.567 
1.559 
1.950 
1.941 
1.533 
1.924 
1.516 
Jade 

1.498 


1.490 
1-481 
1-472 
1.463 
1.454 
1.6437 
1.419 
1.412 
1.405 
1.397 


1.390 
1.383 
1.376 
1.368 
1.361 
1.354 
16346 
1.346 
10346 
16353 


1.300 
1,368 
1.374 
1.381 
1.386 
1.395 
1.402 
1.4908 
1.443 
1.419 


1.424 
16420 
£46435 
1.441 
1.446 
1.452 
1.457 
1.463 
1.468 
1.473 


“9% 


= 9 


-~> 


Theriaal 


conduc 


kcal m 


eec *(°RK) ! 


6.000 
6.045 
6.029 
o-014 
5e¥98 
5982 
596 
$2951 
5.935 
50993 


S.870 
$.838 
5.806 
S.1Te 
SeTe2 
5-710 
5.678 
5eb4? 
Seoi5 
5.583 


5.552 
52520 
5.488 
52456 
5ae2S 
5.393 
5.361 
5.329 
5-298 
$2206 


5234 
5-202 
5ei70 
50138 
5106 
5073 
5-041 
5.009 
40977 
40945 


4.912 
4obud 
40847 
4815 
42782 
4717 
42652 
$2625 
40599 
$573 


%eS547 
#0520 
4 oA94 
4.468 
4.441 
0415 
o3d8 
40388 
4.388 
eG 


40439 
40465 
42490 
4515 
ao SGk 
40566 
4ed9L 
61k 
4eO31L 
0852 


4.672 
40692 
aoTl2 
4.732 
4752 
eeTT2 
40792 
4-812 
40832 
4852 


ivity 


- 6 
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GFOMETRIC ALTITUDE, METRIC UNITS 


‘ Sound Coefficient Thermal 
Altitude Temperature Pressure apeed of viscosity | conductivity 
& 
i P LL. a. -4 
zm T,%*% ri 0 T~T, Si k-cal m 
fae ihe | ox ae = | nm | & | eed eee -'CK)- 
Q 0 Pe Tres 45.37 0.37 1,02:00 + 3] 1.008 be233 ¢ OF 1-006 340.5 be?91 - S| 6.080 - 6 
290 256 287.70 £4.55 1.18 VePILZ * 2] 1.008 1.200 1.004 340.0 1.7e? .005 
$00 499 260,00 83.73 1.98 8.622 2.008 1.164 4,001 339.5 2wves 2029 
750 749 200.07 22.92 2.79 9.340 1.908 1.237 0.999 3391 1.779 6.014 
1000 930 283629 12010 3.40 3.065 4.909 4.107 0. 996 33806 Le?7S 5.998 
‘a 1290 been 25¢e4h ale dt 4.38 8.798 1.009 1.078 0.993 33801 heT?a 5.983 
150a 1498 283.56 10.41 &.16 $2538 3.010 1.049 0.991 33750 1efo? 5.967 
4750 1747 282.72 9.57 $2.94 6.285 1.019 1.02) 0.989 33761 1.763 5.951 
2000 iso? 261.87 8.72 o.12 8.038 1.028 90934 ~ 1[ 0.98? 336.6 1.759 5.935 
2250 e240 2460.20 7.05 6.67 7.798 1.012 90095 0.968 335.6 1.731 50903 
2206 2490 | 278.51 5-30 6.06 7.564 * 2] 1.013 9-461 ~ 1] 0. 989 334.0 1.742 — 51 5.87k ~ & | 
2750 eta 270,82 3.67 6.5 70335 1.013 9.231 0.989 333.5 be de 9.80249 
4000 2994 75.14 1.99 0.48 7TeLl2 1.014 9.005 0.990 332.5 1.726 5.ag? 
3250 2244 2Ta.ro 0.321 242 6.895 1.015 8.733 0.9792 331.5 17k $.T75 
3>00 3493 271.79 ~1.36 6.38 6.042 2.016 e565 0.992 330.5 1.709 9.743 
3750 3743 270612 -3.03 o.33 6.476 1.017 62352 0.993 329.4% 1.701 SoPlb 
4000 3992 260.44 =4eTl 6228 e274 1.018 Bolted 0.994 324.5 1.693 $.679 
4296 4241 £66.80 76.38 6620 e.07F 1.018 7.935 0.994 327.4 1.68¢ $6648 
4900 $e 265.14 7-72.99 024 52886 1.019 74733 0.995 326.4 1.076 5.616 
#720 4740 263252 9.63 ae23 52699 4.020 7.534 9.996 325.4% 1.668 5.505 
$000 4589 201.88 ~1h.27 622i 5.917 + 2] 4.021 72340 ~ lj 6.997 32404 1.600 - $] 5.553 - 6 
$250 $23a 200.25 “12.90 Gel? 5.340 1.022 72149 0.997 37304 1.6523 $.322 
9900 o44a 258.61 14.5% 6.18 5.168 1.023 be¥O2 0.998 322-4 be643 $.490 
9750 S747 £56097 10.18 O.16 5.000 1.023 6.779 0.999 321.4 1.635 5.458 
6000 $980 252233 “17.82 6.14% 4.837 1.024 e599 1.000 320.3 1,626 5.426 
o2>0 6239 253270 “19-45 6.14 e678 1.025 Oe424 1.000 319.3 4.618 $2395 
6560 0464 252-08 ~-21.a7 6.13 4.523 1.026 0.250 1.001 3180.3 1.610 $.363 
0750 alae £90045 22.70 oel3 4.372 1.027 6.081 1.002 31703 1.001 5.331 
77000 0983 248082 724.33 6.12 42226 1.028 5.916 1.003 3hOe2 1.993 5.390 
7250 7232 247420 ~25.95 el2 4-083 1.629 $2734 1.003 315.2 1.585 5.168 
7900 7481 245.57 -27.58 6.12 3.944 #2] 1.030 5.595 - b] 1.004 314.1 1.576 - 5] 5.236 - © 
7790 7130 443.95 29.20 Gell Bol % t.O3k 50440 1.005 313.1 1.566 5-204 
#000 7979 242432 30.83 Oil 3.475 _, 4! 1.032 5298 1.006 Bh20] 1.559 Sell? 
82>0 6228 240.70 3d 0 45 6ell Biss. x 1.033 Sk ae 1.007 341.0 1.991 5-140 
3300 4477 239.08 34.07 @.1d 3.428 1.034 ee C44 1.007 410.9 1.542 4 30109 
BT40 BTt2o 237046 -35.69 4-10 3.307 1.035 e242 1.008 308.9 1.934 5.077 
9000 8975 235084 -37.31 0.10 3-191 1.036 40713 1.009 307.7 1.525 5.045 
9790 poet “34022 -34. 93 0.10 3.077 1.037 40577 1.010 306.8 1.517 S012 
9200 9473 232.59 -40. 56 6.10 2.967 1.038 40444 e011 304, ~ 1,508 2980 
9750 9722 230.97 ~42.18 6-10 2.2860 1.039 Go3le 12012 304-. 1.499 40948 
40000 9971 229.35 43.80 6.190 2.757 * 2{ 1.040 4.187 - 2b] 1.023 303.6 1.091 - 35] 4.916 
10250 10219 227.73 45042 6.10 2.656 1.042 4.063 1.013 302.5 1.482 4eGBb4 
10900 10466 226eh1 747.04 6210 2.556 1.042 3.941 1-014 302.4 | dot 8 4.851 
10750 10717 | 224049 | -46.66 6.10 2.463 1.04¢@ | 3.823 RoOLS | 300.4" |. te 4.819 
11000 10940 222.87 50.28 6.10 22372 21.045 3.707 1.046 299.5 ~ 0 a.Uu7 
42500 41464 2192 4 ~$3.51 2.99 201% 1.097 3.483 1.032 | 297.1 £2438 4.722 
12000 L1L961 210680 56.75 “0.25 22032 1.047 36270 1.049 294.9 1.420 O.6 
12500 12459 214.96 58.19 “1.69 1.876 £2047 3.0643 1.055 9309 1.¢12 ooh. 
13000 12956 213.66 59049 2299 1.734 1.046 »2@ 1.061 293.7 > 1.405 4-602 
13990 13453 212.37 ~00.78 ~~ 28 1.602 1.045 e027? 1.066 2o7 . 12398 4edtS 
14000 23950 211.048 ~62.07 5-57 1.478 # 2] 1.043 2.439 ~ 1] 1.070 2g. 1.392 = ST 41549 
14500 14447 259.79 ~63.36 ~6 86 1.363 1,041 22264 1.075 ~ WOee 1.384 4.523 
15000 14944 208.49 ~64.66 ~B.16 1.25% 1.038 2-101 1.076 au ted 1.376 4097 
15500 i544) 207.20 65.95 ~9ee5 1.159 1.034 1.948 3.002 268 4 46369 447k 
16000 15938 205.91 ~67.24 -10.74 1.067 8.0318 1.605 1.084 26Tei 1.362 42444 
16500 46435 204.62 ~68.53 ~12.03 9.625 ¢ 1} 1.026 1.673 1.087 286.8 1.355 %.418 
17000 1693) 203,33 69682 713632 9.040 1.022 1.5469 1.0886 28509 1.347 4-392 
17500 17426 203.15 ~70.00 713.96 8.316 1.016 1.426 1.086 285.7 8.346 4.396 
18000 17925 203.15 ~70.00 ~13.56 72650 1.082 1.312 1.079 285.7 1.346 40388 
48500 lage k 204.20 O80 9D 12645 72038 1.006 4.20) 1.067 286.9 1.352 40410 
19000 18917 205.44 “67.71 ~ble2l 60479 ¢ 1] 2.002 1,099 ~ 1] 1.056 287.3 1.359 - 5{ 4.435 
19500 LG4lhe 206.08 ~66.¢7 9.97 5-967 0.978 1.006 1.046 268.2 1.366 4.466 
20000 19910 207.92 65.23 8.73 5-499 0.995 9-213 - 2] 1603. , 28901 1.373 4.485 
20500 20406 209.16 63.99 7.92 $.070 0.992 BuFhe 3.024 289.9 1.360 4.$11 
21000 20902 210.40 62075 “7.18 4.676 0.989 Te%42 1.022 290.8 1.587 42536 
21509 21398 2h1.64 61.51 0.43 4.315 0.987 72103 1.OlG 291.6 1.394 4.561 
22000 21896 212.88 00-27 5.09 3.984 0.985 6.520 1.011 2920 1.4402 4.1586 
22500 22390 213.93 59.22 —5.14 3.680 0.982 $2993 1.006 293.2 1-407 4.607 
23000 22886 Paere rs 58.23 ~~ .65 3.401 O.9ei 5.512 1.002 293.9 1.412 627 
23500 23361 215.91 ~3T.24 4.15 3,144 0.980 5.072 0.998 294.6 12418 4.647 
24000 23677 216.90 ~56.25 -3.66 2.907 * a] 0.978 4-669 ~ 2] 0.995 293502 16423 - 5S] 4.667 
24500 24372 217.869 55026 ~3.16 2.689 0.977 4.300 0-991 295.9 1.428 4.6087 
25000 24868 218.89 534-26 =2.07 22489 0.976 3-961 0.988 296.68 1.434 4.707 
25500 25363 219.68 53-27 2017 22304 0.975 32650 0.985 29763 1.439 4.727 
20000 258658 <20.87 752.28 ~1.68 2.134 0.975 3.365 0.982 297.9 1.445 4.745 
20500 26354 221.86 ~51-29 -1.i8 1.977 0.975 3.104 0.980 298-6 4.450 4.746 
27000 20849 222.85 750.30 0.69 1.832 0.974 2.864% Q.977 299.3 1.455 4.784 
27500 27344 223.84 ~49.31 “0.19 1.698 0.974 2.843 0.975 299.9 1.461 4.006 
280800 27839 224.83 ~48.32 0.30 1.575 0.975 22440 0.973 300. 1.466 4.626 
24500 26334 225.82 47233 0.79 1.464 0.975 2025¢ 0.971 201.2 1.472 42845 


TABLE 5.1.—Consinued 
30° N. January 
GEOPOTENTIAL ALTITUDE, METRIC UNITS 


? Sound Coefficient Thermal 
a -P. Co " kecal mo! 
seem aoe kat wee Fe ! 


29000 46.00 . ae 2.027 - 2] 0.963 30201 1.479 - 5] 4.872 - 6 
29500 ~#5.60 b.872 0.961 30208 1.484 4.892 
20000 44.00 1.730 0.960 303.5 4.489 4.912 
30500 43.00 . 1.599 0.959 304-1 be495 4.932 
31000 231.45 | 42.00 . - 1-478 9.9598 304.8 1.500 4.952 
315300 232.15 41.00 . 1.307 O.95T 39504 4.506 e972 
32000 233.18 | ~40.00 . . . 1.265 0-957 306.1 UeSKk 4.991 
33000 235.55 | -37.60 1.062 0.961 307.7 1.924 5.639 
34000 ZITA9S | —35.220 ‘ . 9.273 00965 30962 1.936 5.086 
38000 240.35 | ~32.00 2 7.958 0.969 31028 £.54¢ $.134 


30000 242075 < 540 0.972 312.3 1.561 Selsl 
37000 2e5ah5 5-888 0.976 313.9 1.574% 50226 
30000 24TL95 5.07To 0.979 31504 1.586 50275 
39000 249.95 ° 4.382 0.981 3LO0D 1.599 50322 
40000 252.35 . 2 . 3.788 0.984 318.5 1.01) 52368 
41000 254.79 hs . . 3.280 0.986 320.0 1.024 5.415 
42000 297.15 2 2.843 0.988 32165 1.636 $2462 
43090 259.55 . 20468 0.490 323.0 1.048 5.506 
44000 261.95 . 20145 0.991 32605 1,660 52556 
45000 264.35 . i? 1.667 9.992 32569 1.672 5260] 


40000 266075 . ° 1.627 04993 327% 16684 52647 
#1000 207615 . LeAlG 0.994 32009 1.6096 52693 
4#a000 269,15 . 1.250 0.994 328.9 1.696 3693 
49000 269.15 a.1dt 0-993 328.9 1.6096 $2693 
$0000 269.15 ° . 9.697 0.992 328.9 1.696 5.693 
51000 2091S . 6e541 0.991 326.9 1.096 52093 
32000 24°.a5 « 7.576 0-998 327.7 1.666 5.054 
$3000 265215 On The 0.996 32664 1.676 5616 
54000 263615 50944 0994 32502 12666 5.577 
$5000 261015 50258 04993 92460 1.656 52539 


$0000 259.15 . ° 0646 0-991 322.7 1.646 5.500 
57000 257.15 4.102 0.990 32455 1.636 5.462 
5a000 255.15 . 3.618 0.968 320.2 1.626 54423 
59000 253.15 . 3.168 0. 986 31960 1.615 52384 
10000 250.05 ° ° 2.818 0.969 31729 1.599 5.324 
#1000 2460.95 . 22%86 0.2990 315.0 | 1,583 $2203 
62000 263.85 4 . 2-191 0.9d4% 313.0 1.567 50202 
63000 240.75 1.927 0.978 311.0 1.551 Sel4l 
04000 237.605 12693 0.973 30920 1.535 5.080 
95000 234,55 . 1-484 0-968 397.0 1.518 50019 


66000 o3ho4d a 1.299 0.963 305-0 1-502 44958 
#7000 228.35 7 14335 0.959 302.9 16485 40896 
68000 223.45 90893 0.955 | 30069 | 1.4638 4.834 
69000 222.15 ° 6.610 0.952 | 2946.8 | 1.452 4o7T2 
70000 219.05 ; * 72479 0.949 | 296.7 | 1.435 4.710 
71000 215.95 . . . 0.484 02947 29406 1.418 42648 
72000 212.85 3 52009 00946 | 29265 | 1.401 4565 
73000 209.75 . 4842 0.945 290.3 1.383 4a522 
74000 206.65 elt] 00944 | 28662 bo 306 4.459 
75000 203655 . . 30585 0-945 286.0 1.349 90396 


70000 , 200.45 . 3.074 06946 283-8 4.331 4.332 
77000 te 2 497.35 1 . 22630 0. 948 261-6 1.313 4.270 
78000 194.25 2244 Oo9SL 279.4 12296 #2200 
79000 19i.15 2.910 0.95% 27702 1.278 wel 42 
90000 wel.ls 72 . 46597 02964 27702 1.278 4eled 
41000 lytele 1-336 Ou 974% aTTe2 1.276 Gebec 
#2000 Iylolt 4 . aol? 0.964% 271.2 1.278 Hel 42 
63000 141.99 3 ° Godh3 0.995 2tTe2 1.278 Hele2 
840900 Lvd.ve ‘ t 7.014 1.005 277.2 1.278 #0142 
35000 191.97 > . 1 60535 1.016 27722 1.278 442 


36000 191.05 0 9 52465 1.026 2tTa2 4.476 4142 
87000 3 t91.%4 ’ . i 4.571 1.037 27732 1.278 4.142 
88000 2? a) . . . . 3823 1.048 277.2 1.278 ole 
89000 19404 . . . 30145 1.046 279.7 1.296 4.2he 
90000 Lv7e7e 22596 1.05 2802-2 1.318 40286 
92600 e427 ” 1.787 1.08% | 26761 1.358 0429 
94000 210,99 . . 1.245 1.1h0 292.0 1.397 4.571 
96000 216.94 > . 8.781 L235 290-8 1.435 HeTh2 
98000 221-97 . 66240 1.162 301.5 16473 4.652 
490000 101742 227.47 46098 . . 4 510 12204 Wek 1.5hb 0991 


TEE ANS re I An LOS EE ED NARA Len Hal a I Ei ede mane see te 


102006 103a11 246097 -36eln A, . 3.228 1e22e Bl3eb 1.572 5.219 
494000 105680 24u0b3 ~2b540 20347 10247 52009 1.631 544 ee 
106000 107951 276004 -1lou51 . 1.730 1.268 328-0 1.689 3.666 
108000 110023 266044 weeld . . . 4-292 4.489 335-9 1.146 SEO 
112000 LL2096 | 276.22 4.97 ‘ 9-T6l 26362 | 361-9 | 1.002 6.104 
414900 ielah 291.25 ¥e.19 | ‘ 7.338 1.361 351-8 1.883 6.421 
£14900 1162467 3Noe2> | 34-19 . . . 54602 1.404 361-4 1.962 6.734 
110000 ALa32% 32023 48.90 4.336 1.422 37008 2.039 7404) 


QR terial: orem cen ncsermcn o 


a 


in 


use eset tz. are ‘ 7 Z q 
RET ee RRS Bak ARE 1 ROL T EET ae 21" SEY BAWRRARS ASIIRE EPA A NE a it | TE RARER TET SNR 1ST Se NNT. 


TABLE 5.1.—Consinued 105 
30° N. January 


GEOMETRIC ALTITUDE, i ee UNITS 


ria tee eee 


29000 26529 220.81 ~40034 1.29 1.356 © 2] 0.976 20083 - 2] 0.970 301.9 1-477 - 9] 4.8605 - 6 
29900 29323 227.80 “45.35 1.78 1.259 0.976 4.925 0.968 302.6 L482 4.885 
30000 29618 228.79 44.36 2.28 1.169 O.977T 1.780 0.9672 30322 1.488 4.905 
30900 30313 229.77 43.38 2etT 1.986 0.977 1,.6€6 0.966 363.9 1.493 4.924% 
4100u 30807 230.76 42.39 3-26 1.009 0.979 1.523 1 Oe 965 304.5 1.498 41944 
31500 31302 241.75 741.40 3.76 92380 + 0} 0.980 1.410 GQ. 964 30502 1.503 4.964 
32000 31796 232.7% 40.41 e225 8.723 0.98k 1.306 QO. 953 305.8 1.509 4.903 
33000 32704 235.03 736.12 4.06 7.550 0.984 1.119 0.967 30743 1.921 5.029 
34000 33773 237.40 -35.75 3.06 6.544 0.966 9.604 - 3/ 0.971 308.9 1.533 5.075 
35000 34760 239.77 33,338 3.26 5.68) 0.989 0.254 0.975 310.4 1.546 5el22 
36000 35748 242.14 31.01 2.86 4.939 0] 0.991 TohOS5 - 3] 0.979 311.9 1.558 - $ | 5.169 - 6 
$7000 30735 244.51 28.64 2.40 4.300 0.923 6.126 0.982 313.5 1.571 5.2h5 
38000 37T22 246.88 26.27 2206 347468 0.994 5.2a9 0.985 315.0 4.583 1 5.202 
39000 38709 249.25 723.90 4.67 3272 0.995 4.573 0.938 316.5 1.495 5.308 
40000 39695 251.62 —21.53 1.27 2.660 0.996 32960 0.991 314.0 1.607 5.354 
41000 40081 253.98 AGL 0.87 2.503 0.997 3.434 0.994 319.5 1.620 5.400 
42000 41667 256-35 ~1o. 00 0.47 2.194 0.997 2.981 0.995 321.0 1.632 $2446 
43000 42052 2ouefh 14.44 0.07 1.928 0.997 2.592 0.997 322.4 12644 $2492 
44000 43037 261.08 ~12.07 0.32 1.691 0.998 2.257 0.999 325.9 4-056 5.538 
45000 44622 263.44 “971 ~0.72 1.488 0.998 Le967 1.001 325-4 1.668 5.583 
46000 45606 265-61 “7.34 ~Lel2 1.310 + 0] 0.998 be7h72 = 3] 1.002 326.8 1.679 - 5 | 5.629 - 6 
47000 46591 268.17 4.98 1.52 1.155 0.997 1.500 1,003 328.3 1.691 5.614 
68000 4157> 269.15 ~4.00 71.50 1.089 6.996 1.319 1,002 32829 1.09% $2693 
49000 48558 269.15 4.00 ~1.50 8.995 - 1) 0.996 1.163 1.008 328.9 1.696 $2693 
00 49541 209e1S 4200 ~1.50 7.941 0.995 1.028 4.001 326.9 1.696 $2693 
51000 50524 269015 ~-4.00 1.50 7.010 0.995 9.073 - 4} 1.000 328.9 4-696 $2495 
52000 $1507 268.14 “5.02 w~2e51 6.187 0.994 8.038 1.006 328.3 L.O9) 50673 
53000 22489 266.47 0.98 3.36 5.457 0.993 T1442 4.005 327.1 1.081 52636 
54000 53471 264.21 8.9% 3035 4.808 0.992 6.340 1.004 425.8 1.671 52598 
55000 54453 262224 7-10.91 3.35 42233 0.990 5.623 1.003 32426 1.062 $2500 
50000 $5434 260.26 -12.67 3.35 30723 - i [0.989 4.983 - #} 1.001 32304 1.6582 - 5 |5.522 ~ 6 
5T000 $0415 258.32 14,83 ~3.34 3-272 0.967 Go4h2 1.000 32202 1.642 56484 
58000 51396 256636 16.79 -3.3¢ 2.872 0.986 3.903 0.999 321.0 1.032 54446 
49000 $4377 254.40 -18.75 31.34 2.519 0.984 32450 0.997 31967 1.622 5.406 
460000 59357 252-04 ~21,hL -3.73 2.207 0.963 3.051 6.997 $18.3 1.610 $0362 
61000 60337 249.01 24.14 4.80 1.932 0.981 26702 1.000 316.3 1.594% 5-303 
#2000 61315 245.97 ~27.18 -5.08 1.687 0.979 20389 0.998 31404 1.976 5244 
43000 62295 242693 730.22 —~4e1¥ 1.471 0.976 2-310 0.993 312.% 1,562 5-184 
64000 63274 2459.90 733.25 -3.30 2.281 0.974 1.860 0.987 310.5 1.547 5.125 
65000 64253 | 256.87 | -36.28 72.42 aehh3 0.972 1.637 0.983 | 304-5 | 1.531 $2065 
66000 65231 253083 -39.32 “1,53 9.059 - 2[ 0-972 120439 ~ 1 0.978 306.5 de9k% - 515.005 - 6 
o7000 00209 230289 "42.35 0.65 6.36% 0.97) 1.263 0.974 364.6 1.498 46905 
8000 OVLE? | 227.77 | -45-38 0.24 7.231 0.971 12106 0.970 , 304.5 | 1.982 4.864 
09000 68164 224.74 48.41 1.13 6.239 0.972 9.671 - S| 0.967 300.5 1.466 4.824 
70000 &91462 | 221.74 | 51.4% 2.02 5.372 0.973 | 8.441 0.96% | 2986.5 | 1.449 4-763 
71000 70118 216668 ~34.47 2.89 4.617 0.975 72355 0.962 296.5 1.433 4.703 
72000 71095 215.60 57.49 3.78 32959 0.978 6.394 0.960 294.4 1.4lo 4.642 
73000 Teork £12063 -60.52 4.66 3.386 0.961 5.551 0.959 29263 1.399 561 
74000 73047 €09.60 063.55 2.55 2,893 0.985 4.807 0.959 29062 1.382 4-519 
75000 74023 206.58 ~66.57 4043 2.465 02990 aol 57 0.959 288-1 1.366 42458 
76000 74998 203.56 “09054 7.32 2.095 = 2] 0.996 325866 ~ 5] 0.960 280.0 A949 - 5 5 40397 - 6 i 
ttoco 75973 200.53 -312.62 G19 1.77? 1-003 3.087 0.962 203-9 1.332 14.335 
78000 769408 197.51 —15.04 9.08 1.503 1-010 2-651 0.964% 2e1.7 1.314 40273 
72000 72922 194649 76.66 9.96 1.268 1.026 20272 0.97 £49.60 1.297 4-2k1 
8000n 70696 Lsl.al rdlebo 19.8¢ 1.068 1.029 8.942 O92 2rT.e 4.200 414 
81000 79670 lalala mo2.ot 10.44 6.970 - 3] 1-04) 1.635 0.984 erro? 1.276 Heda? 
82000 eGees IYbele? 3) 4%3 10.47 7,538 2.05) 1.374 J. 994 2T%.2 1.278 oela2 
63000 BlUL6 label “Meets 10.40 6.334 1.062 1.154 1.004 277.2 e278 Gele2 
84000 27e9 ivh.d” at arr) 10.45 5.323 1.073 9.702 - 61 2.015 aTTa2 1.276 aah a2 
32000 64762 Tole rg onde? 10.43 44T 1-085 8.154 41.025 277.2 1,278 4ohed 
do¥00 84734 Luh 77 | ~52.%o 10 ee 2-760 =~ 3] 1-090 | 6.853 - @] 1.036 | 277.2 1,276 = 5 [4.142 - © = 
47000 63706 I41.%6 -G2.09 10.45 3.161 1-107 $.760 1.047 277.2 1,278 | 40l42 y. 
98000 86678 141.94 “be.)1 10.34 2.057 Lebhl? a.He2d 4.057 277.2 1.278 Sealed 
49000 81649 1yl.%3 wtdele 10.30 22233 t.L30 42070 4-068 2TTe2 1.278 e142 
90000 68620 Pre a “29. 12.54 1.679 beled 32386 1.068 278.7 1.290 @16T 
92000 90561 149.90 -T3.9? 12.94 4.341 halTh 2e335 1.092 283.6 1.329 4.326 
94000 92501 oe rG1,2° 13.34% 9.683 - [14200 12630 1.417 286.% 1.3686 4.465 
96000 94440 2tlele roles3 13.27 7.066 Le2e? e152 1.143 293.0 1.405 4.602 
98000 96378 ere re o7Un 1h 12.81 5.209 22259 Hs231 - 7] 1.368 297.7 46443 4739 
igdtue VUSLE 222445 757.7? A204. 3,676 1.289 5.942 1.195 30202 1.979? VobTS 
192000 409249 27645] raons 4.65 2.910 - 4] 1.316 e322 - 7) i237 267.0 1.516 ~ 3} 5.029 ~ 6 
1es000 102183 dT ea -a2.21 B.7u 2210 1.340 3el35 1.257 31403 1.977 52200 
106co0 104116 24%ead | 2207 B.Re 1.699 12364 22305 1.277 32163 1.634 R457 
108000 406647 2$o,0¢6 Lowel 9.03 1.322 1.348 1.788 1.298 J2ded 1.691 5e6TS 
110000 107978 db6e33 “Gade 9.55 1.039 Lol? 42296 i-3l¢ 335.9 1.746 5.884 
112000 4109907 21% TS eetl =0.09 $.239 ~ 21 10430 9e8R7 - HB] 1.382 3el.6 128600 6.094 
114000 ibie3s 290.04 Load ~4.51 6.606 1-439 7.508 1.411 351.0 1.677 6.393 
116000) | 113762 Ieee sleal ~8255 5.359 1.446? 5.769 1.433 360.3 1.933 6.697 


118000 115087 LHe 44 ao.14 *12.44 4.394 1.444 4.509 1.449 36903 2.027 6,943 


166 TABLE 5.1.— Continued 


ee ne 2M pete ee eel a Se. 


30° N. July 
GEOPOTENTIAL ALTITLIDE, METRIC UNITS 


Altitude Temperature Pressure 


Coefficient Thermal 
of viscosity | conductivity 
(ck | ie ie eile: 7 Fe on 


o a 304.48 3-43 16:43 3.01250 + 3) 1.030 4ei3d9 + Ol 00946 
250 250 302-33 29. 18 15.81 9.854 #2] 1.002 $2135 0.949 
$00 j 501 400.08 26.93 45.18 9.S78 21.003 | £2112 0.953 
750 Ws. 297.63 24.68 14.50 9-308 41.005 4.089 0.956 
1060 1002 295.56 22243 13.93 9.044 1.006 1.066 0.959 
4250 1252 244.07 20.92 14.04 a.7as 1.008 4.061 0.959 
3500 1502 292.56 19.61 14.16 534 1.009 1.016 0.9860 
4750 4v5a 291.05 172% 14,27 8.288 beOLL 9.920 ~ 14] 0.961 
20¢0 2003 289.54 16.39 14.39 8.04A LeO12 9.603 G. 962 
2250 2254 238.08 16.93 14.56 7.813 1.084 V.O08 0,903 
2580 2504 286.63 43.468 14.73 7.584 #2416016 9218 - 1] 0.963 
2t5o0 2755 265.17 42.02 | 24.90 7.341 $2017 5.992 QO. 904% 
3000 3000 283.72 JQ.57 1S.07 T.Ls3 1.019 6.771 0. 965 
3250 3246 262.24 9.09 45.2 6.931 3.021 8.555 Oe Fe. 
3500 350” 260.77 T.d2 15.37 e174 32022 8-343 0.9646 
3750 3157 2tgo_l3e 6.15 1$.52 e522 1.024 8.435 0.967 
4000 40086 277.82 4.07 15.67 6.325 1.026 70938 Oe Pas 
4290 4259 276.40 36d5 15.88 60433 1.628 7.730 0.967 
4500 4509 274296 1.83 16.06 5.946 1.930 72533 0.970 
4750 4700 273.96 0.41 16.28 5.763 1.032 72340 0.971 
5060 SOLL 272.13 “1.02 16.48 52586 e 2] 1-034 7elSh - 2] O97) 
5250 $262 210.71 ~2.% 16.69 52413 1.036 6.966 0.972 
5500 $412 209.29 =}. 66 16.49 5244 1.038 6-784 0.973 
S750 9763 2e',87 ~5.28 17.09 5.080 10041 6-607 0.974 
e000 eagle 266.44 “6th 47.29 40920 22043 60433 00985 
6256 6265 264-67 8.48 17.15 4.163 1.045 be2th A,o77 
6500 e516 262,90 710.25 17.00 42613 1.048 6oAk2 0.980 
6750 6766 261.13 -12.02 16.85 4.4965 1-046 5.957 0.982 
7000 7OL7 259.36 -L3.dy lo.Tl 4.321 350 2 5.806 0.984 
7250, | 7208 257.58 ~Ad05T 16.56 4,160 1.075 52654 0.987 
7500 7519 225.61 “17,34 10.41 4-04) © 2) 1-057 32506 - 110.989 
7150 72770 254.04 19.54 16.26 3.410 1.059 52362 0.992 
e000 6021 252.27 -20.%, loclé 3.761 1, 1.042 $.-221 C2994 
a250 S2T2 25051 22.64 15.98 36654 1.064 5.082 | 90996 
6500 8523 24 174 24%. 4). 15.64 393i 1.067 4.946 0.999 
8750 8774 246.98 +2601? 45.71 2e4h2 1.070 e812 4.00) 
2000 9025 | 245.22 | -27.93 15.57 3.295 e072 | 4.041 1.004 
9250 9270 243240 ~29.69 15.44 3e182 1.074% 46953 1.006 
9500 9527 241.70 “31.4 15.30 3.042 4.077 44428 1.009 
BIT9G 9176 239.9% ~33,28 15.16 26065 1.080 4.305 AeUli 

10060 40030 238.18 ~34.97 45.03 2.841 o 2} 4.082 40185 ~ 1] 1,014 
106250 10281 236042 ~36.73 14.90 22760 1 085 4-007 i016 
30500 10532 234,06 38.49 14.76 22662 1.088 3-951 1.019 
L107o0 \OT83 2452091) ~4%6.24¢ 14.63 20965 4.096 3.838 1.022 
11000 11034 23held -42.00 14.50 20473 1.093 32724 1.024 
31900 11537 227005 49.50 1.00 22296 1.097 3.543 1.045 
12000 12039 rye ree) 49.00 7.50 2.129 Lelvk 3,308 1.064 
12500 12542 240.05 -32.50 4.00 devil 42104 Jell2 1.063 
13000 13045 227.15 -56.00 0.50 1.8623 1-104 20925 1.102 
44500 13567 213.09 759.90 ~3.00 1.064 1.104 2.746 bods 
<10.15 -o3.V0 76250 34554 #2] 2.100 2.576 - 171.43" 

206.65 -660.50 -10.00 1.032 1.099 2.4143 deddt 

203.15 -70.00 -13.50 1.317 Lande 2.258 &.406 

203615 -70.00 -13290 4.2il 1.088 2.076 1.160 

<e0s—d5 ~ 16.60 13.90 1.413 L.082 1.909 2.254 

204.25 -68.90 12.40 1.024 2.077 1.746 Lede2 

205.34 -6T.80 -th. st OL 9.417 2© 2) 1-072 1.5986 1.131 

200.8> “60.70 ~10.¢0 4.667 1.067 1.463 1.120 

207.54 =65.00 “9.10 7.981 1.963 1.340 26110 

208.65 -64. 50 8.00 70352 1.060 1.228 4-101 

209.75 -63.40 -6.90 6.718 + 47 2.057 bel25 - * 5 1.091 

2100dd ~b2.30) 5.60 6.247 1.055 1.032 1.0A2 

214295 ~01.20 4.70 52702 1.092 VebTl - 21 1.070 

2h3.05 -00.10 4.10 $2317 1.041 S694 4.07) 

214.45 -53,00 -3.50 4.9086 1.049 72985 1.0660 

€b5e15 | -98.00 -3.00 4033 1.098 | 7.340 1,063 

“£16015 ~97.0) 2050 %el us 1,0¢7 6,749 1.059 

dlrs -30.00 -2.090 3.87¢@ 12040 6.209 3.056 

216.15 | ~55.00 “1.90 3.578 4.045 I 3.714 L.054 

299.45 | 14.99 =2,00 3-307 iGo [| >-200 1.052 

220.15 ~53.07 0.50 3.002 @¢ 1] b-045 445 ~ 27 1.087 

<2i,'5 ~32.90 0.00 2.933 L.0~5 4.403 1.043 

22é215 -31.00 0.50 2.623 4.045 @.1l4 3.042 

225.15 =50.00 1.00 22430 2.045 30793 1,040 

2oGe1l3 950 4250 Pores} 2.045 5-498 1.036 

225.15 | ~#8.00 2.00 Paar y) 2-086 | 3.248 1.037 

PT e2h.dd ~oT. OC 2220 16934 § Unt 2.979 1.035 

227.15 -46.0u 3.00 1,796 1.Cou j 2.751 1.034 

226.15 | -45.00 3290 42066 2,949 ' 2.561 1.623 

229045 ~44.00 4.00 4.944 4.036 4034 12032 


TOT RRS ee thE ONE AN he oa a Staipae 


ax 


FDC ENR YC AIE 4, 


Altitude 


am few [one | 


250 
$00 
759 
1000 
1250 
1500 
1750 
2000 
2250 


2500 
2750 
3000 
3250 
3500 
3750 
4006 
4230 
4200 
4750 


5000 
$250 
5400 
5750 
6000 
6250 
6500 
6750 
7000 
7290 


2100 
21500 
€2000 
22500 
23000 


25565 


24000 
24560 
75900 
25500 
20069 
26500 
21000 
27500 
28000 
28500 


a 
250 
499 
749 
998 

4248 
1498 
L144] 
1997 
2246 


2496 
2765 
290 
3244 
3493 
3743 
3992 
4241 
add 
4740 


4969 
5239 
3483 
r737 
5980 
6235 
0404 
6734 
6983 
7232 


7481 


7730 | 


2979 
$220 
8477 
8720 
8975 
9224 
9473 
922 


997) 
10219 
10468 
aori? 
10966 
11464 
1n90l 
12458 
12950 
13453 


13950 
44447 
14944 
19441 
14938 
10435 
16931 
17426 
17925 
Lae2i 


bool? 
194i4 
19910 
20400 
£0902 
21396 
21N9¢ 
22390 
22886 
e530i 


2sb77 
deste 
24868 
25585 
25056 
26354 
26669 
27344 
27839 
28334 


lee 


306098 
302.34 
300.09 
297.84 
295.59 
294.08 
292.57 
291.06 
289.56 
288.10 


266.05 
265.20 
263.75 
262.26 
280.61 
279.34 
ettee? 
216045 
279.03 
273.61 


272.20 
270.78 
269.36 
267094 
2660.52 
204.78 
263.01 
261.24 
254.48 
257Tk 


255.95 
254ela 
252-41 
250.66 
248.92 
2e7eld 
245240 
243.05 
241.89 
240.14 


238.39 
236.64 
234.69 
233.k¢ 
231.39 
227.90 
2o4ee2 
220094 
217.46 
213.98 


210.30 
207.02 
203-56 
203.15 
203415 
204-11 
205.20 
200.29 
207.38 
206.48 


209.57 
210.60 
21.75 
212.84 
243,93 
oboe 9S 
215.94 
clo.9s 
E1792 
2ie.9i 


219.90 
220289 
221.88 
422268 
229-87 
264.86 
225.05 
d2u.6% 
22%.63 
226.62 


31.43 
29.19 
26.94 
24269 
222% 
20-93 
19.42 
17.91 
lo.41 
14.95 


44.50 
42.05 
10.60 
Fel} 
7266 
6.19 
4o72 
3-30 
1.68 
0.46 


-0.95 
2.37 
3.79 
“5.22 
6.63 
-8.37 
-10.t4 
“Lie Dl 
743.67 
“19.44 


717.20 
716.97 
20.74 
22249 
~24.24 
-26.0 
“27.75 
~29.50 
“31.26 
733.01 


-34.76 
36.51 
~36.26 
-40.01 
~41.16 
45.25 
~46.73 
“52.21 
~35.69 
~59.17 


62065 
-66.43 
=69-61 
~70.n0 
-70.09 
69, 04 
67.95 
66.86 
-65.77 
04067 


763.56 
{ "$2.49 
~61.40 
7-00.31 
-59.22 
36.20 
~5T.21 
~S6.22 
1 7590d3 
we a4 


-f£3.25 
752.26 
~35h.27 
{ -30.27 
-49.28 
~46.29 
47230 
=46,31 
#5. 32 
49.33 


16,43 
15.83 
15.19 
14.56 
13.94 
44.05 
4.1? 
14.29 
14.40 
14.57 


1e.75 
14.92 
15.09 
15.24 
15.40 
15.5% 
15.76 
15.91 
6.51 
16-32 


16252 
16.72 
16.93 
arer3 
17.34 
17.21 
a7.07 
16.92 
16.76 
16.03 


16.4? 
16.34 
16.20 
1¢.06 
15.93 
15.80 
15.67 
15.53 
15.460 
Ue27 


15.13 
15.00 
14.67 
14.74 
14.61 
11.25 

1.77 

9029 

0.81 
“2.07 


0.15 
9.63 
~13.11 
13,50 
-13.50 
12.94 
~11.45 
-10.36 
9.27 
6.17 


“7.08 
5.99 
-4.90 
“Sekt 
w32b5 
~3.13 
w~2eb4 
~2e14¢ 
~1.05 
~1.15 


-0.66 
—M.1e 
0.33 
0.83 
1.32 
Aeo2 
2.31 
2.80 
3.30 
3-79 


TABLE 5.1.—Continucd 


rea 


FN. July 
GEOMETRIC me METRIC UNITS 


1.01350 ¢ 3 


$2854 
9.379 
9.310 
9-046 
8.786 
@.536 
$291 
6.051 
7.817 


7.588 
12305 
72148 
62936 
62729 
62528 
6.331 
4.139 
5.953 
5-771 


5.593 
$262’ 
5-25¢ 
5.089 
4-929 
4eTT4 
42622 
4474 
4.331 
4.190 


&.054 
3,922 
S.791 
30065 
30542 
3.423 
3.307 
3.194 
3.064 
2.977 


20873 
20772 
2.674 
2.578 
2.486 
2.306 
2.144 
1.984 
1.636 
1.697 


1.566 
1.444 
1.329 
1.223 
1.425 
1.035 
9e525 
#771 
8.081 
704465 


©.867 
6.335 
52846 
5-396 
42966 
4.607 
40258 
3-938 
3.663 
$371 


3e421 
22890 
2.677 
2ee8l 
2.300 
20133 
1.979 
1-830 
8.105 
1-583 


«2 


1.000 

1.002 
1.003 
1,005 
1.006 
1.006 
41.010 
3.011 
1.013 
4.014 


1.016 
2.018 
1.019 
1.021 
1.023 
£025 
1.027 
1.029 
1.031 
1.043 


1.035 
1,037 
12039 
1.04) 
1.044 
1.046 
£049 
1.051 
1.054 
1.056 


1.056 
1.061 
1.063 
1.066 
1-069 
1.072 
1.074 
1.076 
1.079 
1.062 


1,084 
1.087 
1.090 
1.093 
1.095 
12100 
1.104 
1.307 
2.107 
1.107 


1.305 
1.102 
1.098 
1.092 
1.087 
1.081 
1.076 
42072 
1.068 
1.065 


3.062 
1.059 
4.057 
1.056 
4.054 
3.05? 
1.052 
1-051 
1.082 
42050 


1.050 
42050 
4.050 
1-050 
2.051 
1-082 
4-953 
1.0546 
1.055 
1.956 


1.159 © Of] 0.906 


14135 
dell2 
1.089 
1.066 
1.041 
1.016 
9.923 - 
9.686 
Fab52 


rr 


9.222 - 1 
8.997 
8.776 
6.560 
6.348 
8.141 
7.937 
72737 
7.540 
T3407 


TeAS9- 1 
6.97% 
62793 
e616 
60443 
6281 
bel22 
5.967 
52814 
5.06% 


5.518 - 1 
5.316 
52232 
5.0% 
42958 
40825 
4.60% 
4.567 
40441 
oo319 


4-199 - L 
4.081 
3.966 
3.653 
3.742 
30529 
3.324 
3.128 
2.941 
2.763 


2.592 - | 
2.430 
2.205 
2.097 
1.929 
1.764 
Lair? 
16481 
e357 
40245 


aekee - 2 
1.048 
9018 - 2 
8.635 
8.119 
70464 
6.676 
6.424 


9.049 
0.953 
0.956 
0.959 
0.959 
On POL 
GO. 962 
QO. 962 
0.963 


0. 904 
-0. 9646 
0.965 
0. 966 
0.967 
0.968 
0.969 
0.969 
0.970 
0.971 


0.972 
9.973 
0.914% 
0.975 
0.976 
0.979 
0.983 
0.983 
0.985 
0.968 


0.990 


0.993 
0.995 
0.998 
1.000 
1.003 
1.005 
1.008 
4.010 
1.013 


1.015 
1.0138 
1.020 
1.023 
1.026 
1-046 
1.066 
1.085 
1.103 
1.12! 


1.136 
1.1.54 
.les 
1.164% 
16159 
Lo 148 
1.136 
1.126 
1.dbe 
4.106 


t.096 
1.069 
1.082 
1,077 
2.072 
4.060 
1.005 
1.062 
i.059 
1.056 


4.053 
1.031 
1.049 
1.047 
Lo G95 
1.043 
i296? 
1.04) 
1.039 
1.036 


Coefficient 


of viscos' 


1.837 
1.866 
1-636 
1.625 
1.808 
1.881 
1.603 
1.796 
1.789 


1.7a2 
1-775 
1-78 
1-761 
1,734 
1.747 
1.739 
1.732 
4.725 
1-718 


1.71k 
1.704 
1,697 
1.690 
1.683 
1.074 
1.665 
1.65? 
22648 
1,639 


1.630 
1.621 
1.512 
1.603 
1.593 
1.584 
1.975 
1.566 
1.557 
1.548 


1.539 
1.529 
beS20 
16511 
1.901 
1.483 
1.404% 
1.445 
16426 
1.407 


42386 
1.366 
12349 
12340 
1.346 
1.352 
1.356 
1.364 
12370 
1.370 


12362 - 


4-368 
1.395 
1.401 
1.407 
12412 
1-418 
1.423 
1.429 
1.434 


1,439 
1,465 
1.450 
1.056 
1.461 
1.406 
1.472 
1.977 
1.432 
b.468 


ity 


Thermal 
conductivity 
k 
k-col m=! 
sec” '°K)- 4 


1-666 - 5] 6.359 - @ 


6.316 
6.276 
6.234 
6.192 
6.164 
6.136 
6.108 
6.079 
6.052 


4.025 
5.998 
5.970 
5.942 
5.915 
5.ac? 
5.859 
$2832 
5.805 
5.778 


5.751 
5724 
5.697 
5-670 
$642 
5.609 
5.575 
SeSeh 
5.507 
S047? 


40436 
5404 
5.370 
3.336 
5.308 
5.267 
5.233 
5.198 
5.164 
5eh29 


$.095 
5.060 
$.026 
4.991 
4.956 
4.887 
4.0L8 
4.748 
4.678 
4,008 


4.538 
4.467 
4.386 
388 
4.388 
4.408 
40430 
4.452 
4.974 
4497 


4.519 
4.54) 
42563 
40585 
4607 
4.027 
4.647 
4.667 
4.007 
4.707 


ed27 
4.747 
Th? 
4.787 
4.807 
46826 
%28ee 
oOo 
@.86a 
42905 


ois Sn RT te Ae NS id ae 


107 


-6 


-~ © 


E 
fs 


“106 


128000 


29173 
2907¢ 
30184 
40489 
3hi9s 
SLTOR 
32206 
33213 
34230 
34243 


36255 
37206 
36282 
39295 
40309 
ahzi 
42338 
43353 
24308 
45304 


26400 
47416 
46433 
49449 
$0467 
314% 
2502 
$3520 
54539 
55526 


$0577 
57596 
Sele 
$9636 
60656 
61677 
62696 
63720 
O4Tol 
65764 


66786 
61009 
00832 
#9655 
rca7a 
71903 
72927 
23952 
14977 
7o002 


771628 
70054 
719080 
@0107 
81134 
82161 
#3189 
oz? 
85245 
8214 


67303 
8u392 
69361 
90391 
91422 
934683 
99940 
97610 
99076 
1OL742 


1036h1 
105660 
1G7952 
$10023 
1L26% 
41417) 
1h6247 
416525 


r*% 


230045 
231.35 
232.15 
233.15 
234.15 
235.15 
j 234.13 
238.55 
240.95 
243245 


245.95 
248.15 
250.58 
252.95 
255.35 
257.75 
260015 
262.55 
264.95 
207.35 


269.75 
272.15 
272.15 
272.1% 
272.45 
<72eh3 
270-45 
©08.b5 
260.15 
204.15 


262.15 
260.25 
t5aea5 
250.15 
252.35 
248,55 
444.15 
240.95 
237.35 
233635 


229.55 
225.75 
222.95 
215.15 
219535 
210.95 
206.75 
202-95 
199.15 
195.35 


191.55 
187.95 
163095 
180.15 
175.30 
172,32 
172.9) 
L¥2eod 
bleeed 
Lleaal 


1L?2.4n 
LTé.4%9 
172,46 
172, $4 
ce 
1Lea.bn 
ioé.al 
lotelt 
dod.51 
42.49 


2.49 
226.42 
C4Ts al 
faba 
240045 
2 toa, 
Teuelo 
TS 2e¥e 


are sere 


4c. 


-43.00 
~43.00 
-41.00 
40.00 
-39.00 
-38.00 
-37,00 
-34.00 
-32.20 
-29.80 


27.40 
25.00 
~220:0 
~20.20 
719.00 
-15.40 
~13.00 
-20.6@0 

4.20 

5.80 


-3.00 
71.00 
71.00 
“1.00 
-1.00 
~1.00 
~3.00 
-3.00 
~1,00 
=9.00 


11.00 
= 213.00 
15.90 
176d 
20.40 
=24040 
~25.40 
32.20 
736.00 
-39.80 


~44,60 
747,40 
51.20 
~$5.00 
~58.80 
~62.60 
66.90 
70.20 
—74,00 
“17.80 


-81.60 
85.40 
89.20 
=93.00 
~4bagt 
197.63 
ee ears 
t9%,99 
139; 66 
L)).oo 


TABLE 5.1.— 
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GEOPOTENTIAL ALTITUDE, METRIC UNITS 


1.034 
1.433% 
3.237 
1.149 
1.068 
9.930 
9.206 
7.998 
0.936 
6.023 


54238 
4.561 
3.977? 
32472 
3.036 
2.057 
2.32¢ 
2.043 
1-195 
1,479 


1.396 
1.226 
1.061 
9.534 
8.410 
7.418 
0,539 
5.760 
5,048 
46456 


3-943 
3.433 
3.009 
22039 
2.304 
2.016 
1.78¢ 
1-520 
2.318 
4.140 


9.633 
8.46’ 
4.205 
6.220 
S3kk 
4.522 
3.859 
34249 
2eF42 
2.306 


1.932 
1.614 
4.343 
2.143 
9.189 
72555 
62196 
5.084 
&oiTlh 
3.422 


2.807 
22303 
1.889 
1.5506 
1.273 
8-662 
3.952 
4.130 
2.992 
2.043 


beth? 
1.083 
4.157 
64258 
4eBA0 
3.882 
3.185 
2.627 


Pressure 


ee irckras 


@ 171.052 | 20470 - 2 
1.053 | 2.006 
1,055 | 21.356 
1.057 1,717 
1.066 1.569 

+ 0} 1.662 3.471 
LeO@e | 1.362 
1.069 1,168 
1.073 1.003 
1.078 | 8.622 ~ 3 

* 0] 1.001 7.425 - 3 
1.0865 | 6.403 
1.006 | 5.530 
1491 4.782 
L.Ov4 | 4.141 
1-05 2 
1.496 | 3.118 
AelO0 | 27h) 
2.102 | 2.360 
2.123 | <.057 

#9) AoiO® | 1.795 + 3 
bol0S . *. 
hel0% ¢ 1.304 

- L] l.toe | 1.226 
bedor 1.076 
b.°08 9.495 - & 
2.108 8,%33 
1,108 70483 
1108 ' 0.634 
achbe $.67% 

~ af best? 3000 - @ 
20107 | &.59¢ 
1.107 b 
3.207 2.584 
3-405 | 3.384 
2.194 | 2.617 
1.401 2-49) 
1.40d | 2.198 
1.096 | 1.936 
1.095 1.701 

- 2)1.092 1 - 4 
1.9%, 1.306 
1.008 1.140 
1.086 | 9.933 - $ 
1.084 | 6.632 
1.062 72482 
1.061 ' 

1.079 52578 
1.078 42796 
22076 | 40412 

~ 2] 22075 32314 - $ 
3.074 | £2994 
1.073 22543 
1.072 20152 

- 3142070 1.615 
1.0e3 1.525 
Ae033 1.251 
1.646 1.027 
1.035 8.421 - 6 
1.026 o.909 

-~ 37 1-0l6 5.068 - 6 
1.007 92680 
0.999 3.414 
0.990 32129 
0.940 2.535 

~ 4192960 1.679 
0.938 l.L2e 
GeFhS 7.598 - ? 
0-094 3.289 
0.K69 3.577 

-~ £7) C.38e =? 
0.056 

- 310-834 re i39 
C.83? 6.184 - 6 
0.841 6.002 
Oode7 
02800 
0.877 20384 


1.031 
4.030 
4-830 
2.030 
1.030 
1.030 
1.031 
1.037 
1.044 
1.6050 


1.056 
1L.0¢k 
1.066 
4.071 
1.075 
1.060 
1.084 
1.087 
1.091 
1.094 


1.096 
1.699 
4.100 
4.301 
4.101 
1.102 
4.180 
&-110 
1.Akd 
Aehld 


4.410 
1.109 
b.1G9 
1-109 
1.116 
Aek22 
1.149 
belo 
4.113 
1.10 


1.107 
4104 
1-401 
1.696 
1.096. 
1.093 
1.090 
4.088 
4.086 
1.083 


1.061 
1,077 
1.078 
1.076 
i096 
dabld 
Bo5028 
1.093 
1.083 
1.074 


42964 
1.035 
1.046 
1.04) 
1.034 
1.718 
1,001 
G, 962 
0.963 
0.955 


3. WG 
0,802 
0.035 
O.ult 
0.43) 
0.800 
0.749 
0.782 
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Sound Coefficient Thermal 
apeed of viscosity coment 
: 2 rs 


304.1 
304.8 
365.4 
306.1 
306.8 
30To4 
308.4 
309.6 
312.2 
diz? 


314.3 
315.8 
317.3 
318.6 
320.3 
321.8 
323.3 
324.8 
326.3 
327.8 


329.2 
330.7 
35007 
$30.7 
33067 
330.7 
32908 
328.3 
327.0 
325.8 


32406 
$2305 
2201 
320.8 
518.5 
34600 
313.6 
31h 22 
308.7 
30602 


303.7 
301.2 
298.7 
296.1 
293.5 
290.9 
208.2 
265.6 
26269 
20062 


277.5 
éte.7 
271.9 
260965 
200.2 
263.3 
263.3 
2b3de% 
263.3 
403.3 


463.3 
263.3 
263.3 
263-3 
265.2 
268.8 
212.3 
2415.9 
27923 
26266 


£9925 
305.8 
$4607 
adted 
337.4 
276-8 
373.2 
$92.8 


1.495 
1.500 
i506 
1.511 
1-516 
2.921 
1.527 
1.539 
$2952 
165635 


1.577 
1.590 
1,602 
1.614 
1.627 
1.639 
1.65) 
1.03 
1.075 
1.067 


1,699 
1.711 
a.?la 
2eTAh 
.71E 
Le7he 
1.70L 
20698 
1.061 
1.67) 
1.46) 
1.651 
3.641 
3.631 
1.oh) 
1.492 
1.672 
1.552 
2o%32 
1.512 
42492 
1-471 
1.451 
1.430 
1.409 
4.388 
16308 
1.305 


1.324 
1.302 


1-280 
1.258 
1.236 
4.243 
ALU 
1.168 
2.108 
1.368 
1.166 
1.168 


4.106 
1.160 
1.168 
1.168 
$,282 
Ae2ll 
1.239 
Lego? 
L.295 
4.343 


bar 
1.908 
1.597 
2082 
12166 
1.924 
2-075 
ecauy 


42932 
4.952 
The 
4.991 
$.011 
5,031 
5.051 
5.098 
So145 
$.193 


$0240 
$2287 
56333 
52380 
So42T 
3.473 
$2520 
52566 
Seb12 
5-658 


$.704 
5.730 
5.750 
5.750 
5.750 
32750 
5.12 
5abT4 
$2038 
$2597 


90558 
5.520 
5.48t 
3.442 
5.368 
9.294 
5.420 
$2165 
5.070 
%oF95 


4.920 
4.8446 
44768 
41692 
4c O45 
e454 
ooh 
4.504 
%.30T 
waked 


4.kok 
4.072 
Fo 944 
3.915 
3.636 
3.756 
3.456 
34796 
20756 
3.756 


34756 
3.756 
3.756 
BeT56 
3-607 
3.907 
4.006 
4eh05 
Hadde 
4302 


4.045 
& 902 
5.343 
5.640 
5.961 
62586 
1.186 
74770 
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TABLE 5.1.~ Continued 
30° N, July 
GEOMETRIC ALTITUDE, hs ee UNITS 


et Coefficient Thermal 
of viscosity | conductivity j 


i k 
' He a 


Altitude Temperature Presaure 


29000 2¢629 229.81 03.34 4.29 1.476 if 2.058 2.229 ~ 2] 1.038 303.9 1.493 — 51 40925 ~ @ | 

29500 29923 230.80 ~42.35 4.7a 1.366 2.059 22062 1.037 304.6 1.498 40945 

30000 2701s 231.7% 741.36 5.28 41.270 1.064 1.9089 1.037 30502 1.504 4.904 

30500 30323 232.77 40.37 5.7? 1.161 1.063 1.768 21.037 305.9 1.509 4.964 

31000 30807 233.76 39-9 6.26 1.099 4.065 1.637 1.037 306.5 1.324% 5.063 

31900 31302 { 234.75 | 34.40 .76 1.022 12068 | 8.517 1.037 {| 307.1 |] 1.519 5.023 

32000 317%0 235074 ~31041 $.513 ¢ 0] 1.070 1.406 1-037 307-8 1.925 5.063 

33000 32764 236.03 35.12 6.249 2.075 1.207 1.043 309.3 1.537 $.088 q 
34000 337T 240640 ~32.75 Tol O3 1.080 1.038 42050 310.8 1.569 5.135 5 
35000 34760 24eeTT 30,36 @e26 = 40229 1.084 8.939 - 3] 1.056 Bh204 1.562 Se18l : 
36000 357¢a 245.44 ~28.01 52% 5.2425 #0] 1.088 7.709 ~ 3} 1.002 213.9 10974 - SJ] 5-228 - 6 a 
37000 30735 247.51 25.04 5.46 4.731 1.092 6.058 1.0608 BiS.@ 4.986 3.274 ? 2 
38000 37722 249.60 ~23.27 5.06 4.131 1.095 5.7159 1.073 314.9 1.599 5.320 4 
39000 38709 252.25 20.90 4.67 32612 1.098 4.968 1-078 Jldet 1.681 5.367 

40000 39095 254002 718.33 hea? 3.162 1.101 40326 1.083 319.9 1.623 Fe4l3 : 
41000 *00AL 256.98 -ta.Ly 3.87 2.772 1.104 3.798 1.087 321.4 1.635 5.456 5 
2000 41667 £59.35 ~13.80 3.4? 22433 1.106 3.268 4.001 322.8 1.647 5.404 j 
#3600 42652 266.7] -1ll. 3.0? 2.136 4.108 2.846 1.095 324.3 1.659 5.550 4 
£4000 43637 264.06 -9.07 2208 1.661 1.110 26482 1.099 325.8 4.67L $2595 i 
45000 44022 | 2660.44 ~b.2l 2.28 1.657 ALLL | 26167 2.802 | 32762 1.685 S204) : 
%@000 45006 204.80 4.35 1.88 1.461 * OO} belli 1.8094 ~ 3} 1.105 328.7 1.694 ~ $1 5.6866 - & : 
~7000 46591 271.h7 7-12.96 1.46 1.290 beAle 1.0586 1.108 33001 1.706 $.731 3 
#6000 47575 272015 1.00 1.50 4.140 beshd 14400 1.108 330.7 4eThl 5.750 4 
49000 49558 272015 -1,00 1.206 1.008 4.116 1.290 1.109 330.7 17h) 5.750 : 4 
40000 49541 272045 1.00 1.50 8.90€ - bhyasdar 1.140 3.110 330.7 1.718 $.750 4 
21000 50524 272,15 -1.00 1250 7.074% }ae820 1.008 selhl 330.7 reas | 5-750 4 
52000 $150? 27L.1e ~2.01 O49? 6.959 1-118 Be902 - w] b-bd 330.4 41.706 5.731 j 
53000 524909 269.17 “3.98 ~0-36 6.146 1edl¢ 7.955 1.120 328.9 $2093 q 
94006 $4471 2orea2t “he 0.35 5.424 Labed 7.071 1.120 32767 5.055 4 
55000 544535 205.2% -7,91 0.35 4.782 1eli@? 66260 1.420 32025 h.677 5.648 Pita 
56000 5 9634 263028 “9.87 0.35 e212 ~ 27 a-1d6 5,573 ~ © 1 1.120 32563 1.607 - 5 [5.960 - 6 : 
51009 56415 261,32 731.63 0.34 3.707 Akh? 4.942 1.120 32401 1.657 5.542 seca gh eye oom 
56000 57396 259.30 -33.79 0.34 3.259 1.416 4.378 42120 322.8 2647 $4504 { 
39000 58377 257.40 725.75 0.34 22863 11g 3.875 1-120 321.6 4.637 50406 4 
60000 $935? | 254.79 | -16.36 “1-98 20512 LeAhg | 3.435 4-423 | 320.0 | 1-026 Se4h6 ee 
61000 60337 | 254.07 | -22.08 72.94 2-201 16116 | 3.054 1.130 | 387.6 | 42005 5.344 a p23 j 
2000 Ol3ko | 267.35 |] -25.80 3.70 80924 Loklo | 2.716 1.133 } 315.3 1.983 $.278 : | 
63000 62295 | 243.03 | -29552 73.50 1.679 bobdz | 2.401 46130 | 312-9 | 1.986 5.198 4 
04000 03274 | 239.91 | ~33.24 -3.30 1.462 debl2 | 2.123 16127 | 32005 | 1.567 5.125 i 
65000 04253 | Z3O019 | 30.96 eS de2?l VeL1O | 1.974 Aek2S | 306,1 1.527 5.051 \ 
66000 69231 | 232647 | -40.6 264020 ~ LDL L.kOuw | b.odt ~ 4] Leb22 | 905.7 | 1.500 - SL eeta - 6 a 
ato0o 66209 | 220.75 | 4,6 3109 9.936 -~ 243.207 | bee5k 4,t20 | 303.2 | 1.487 &.904 : 
68000 OVA? | 225.04 | 48-1: ~2e09 86226 3.808 { 1.273 AMAT | 300.7 | 1-467 4.030 4 
69000 8164 | 221,32 “$1.03 ; 2,29 7.063 1,103 | £2308 be1l5 | 208.2 1.467 4.756 in 
70000 O9is2d | 227.61 “$5054 2.09 6.083 1e802 | 9.739 - S$] 4,113 | 295.7 1.eat 4.681 : 
71000 70118 213.96 ~59~25 -1,09 $212 1.101 0.488 1.410 29302 2o08 4.606 ! 
712000 71049 220019 62.96 71.69 4.453 1.099 7.380 1.106 290.6 1,386 Go531 j 
7300U 72071 «06668 00.67 -1.49 36794 3.099 62602 1.406 28a.) 1.305 4.456 raat 
4000 73047 20d 097 ~70.38 “1.28 3.224 4.097 52539 1.104 285.5 1,344 40381 : 
75006 14023 199.06 ~26,09 “1.09 2.731 1.097 Prrees 1.102 202-8 1.323 4,305 i 

1 

16000 74990 195-36 ~F7. 34 0-68 22306 -~ 211-096 @oll} - Sf] 3.108 28062 16302 ~ 5 14.229 - & + 
77006 73973 191.03 ~61.40 0.69 1.942 1.096 3-529 1.190 299.5 bebh 4.1353 

78n00 70948 LATO =8520 0.48 1.629 i. 3-020 4,098 oleee 1,259 4.076 

79000 VIVdd AM@nds =A8. 90 ~O0n28 Le 302 1.095 2.576 1.697 272el 1,236 #2000 

80000 78696 DAD, ae ~?Peul “O91 3.138 L095 20190 ite 26964 1.216 a.923 1 
#1000 79876 Lleed3 99032 ~3.6¢ 9.423 ~ 341.093 1.856 heal? 26666 1.194 3.046 ‘ 
62000 40843 bra-he 199,93 -7.53 7.992 1.087 1.566 lide 263.8 3.789 

43000 allo V7reeol ae “Rell 62427 4.078 1.298 16ieé 263.3 BT 

84000 s2les 17.20 byd.n05 “Bets 5.301 1.069 1.070 Lehi? 203.3 3.750 

45000 a3Tb2 Video 115,60 “Belo 4.373 1.060 8,628 - o | 124150 243.3 3.756 } 

4 

68090 Or734 ivwag 17, 2? ~All? 2eG0T = 3] ieGol 7.202 ~ Gf] 1.101 20363 3-758 ~ 6 : 
eroog @5706 Lldeot Peles “8.16 2.975 1.043 | 6.007 1.032 20353 3.756 

28000 Beers DMedend PICT. TO -8.20 20455 16034 | @.956 1.08% 20303 3.756 

noo woes BMP are 199.73 “8.2: 200245 1,025 4.069 1.073 264,3 3.756 

gh000 56620 Thea} 1d). Te wh. 2e 2.671 1.016 3-374 1.0646 203.1 3.756 

goon 9USel brow? cates “19391 dele? Q.997 2.254 1-0%6 h00.e 3.835 

¥4000 92t01 Llseee -ySaeT 12068 T.aTT ~ @ [0.476 1.916 4.034% 2o¥.7 F552 

96000 94440 Liseny [-or 7” ~18, 90 5.488 9.255 | iad 1.022 éefyaa 4.028 

98006 @oiTa S Sn eae “17.46 aeasy 0.32 7.065 ~ 712.004 2f6.5 @el2e 
4160000 veals ~4sehe bot Ih ed 2et3T G.9i0 42502 0. 9H 2ry.¢ 4.220 

102030 100244 ~Tess3 24.94 41.958 - & | 0.685 3-392 - 71 0.%71 28402 0345 - & 

194009 102183 “O519Y 20 ve 1.427 O.8O5 | 2.288 o.916 29565 4eb670 
sasoud 106) le 74 o4 ~Poedl 1.065 0-855 1.565 0.aaG 300.4 §.001 
favogo 100047 ~taeey “10.19 @.104 - 5 (0.65) 1.130 0.854 3hOed 5.32) 

tlLoogs lcrsie sclaa) 6.276 Veed3 S.243 - & 1 GO. B30 327.1 5-636 
122600 1gv9a? staal 4,935 O.nS7 o,0u7 G.85i 336.9 5.946 
414000 114835 Pte at 9.955 0.66) 4.3648 0,825 595.2 8.533 

1160u0 Listes wtegl 3.240 O.8Te 36259 0.808 373.1 talle 
196000 Li Shel Taaks 2.102 0.866 2.486 G.799 37Oe4 7-080 
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116 TABLE 5.1. — Cuntinued 
45° N. January 


GEOPOTENTIAL ALTITUDE, METRIC UNITS 
: er Coeffici nt Thermal 


cal x 
eG Lae : beat sec! hs sec-1(°K)-! 
272.89 =Oels 1-15.56 1.01600 ¢ 3 (| 1.005 1.301 ¢ Oj 3.062 [ 231.0 1.713 - 5] 5.759 - 6 
250 230 272.69 “Let | ~14.83 1.265 1.058 | 330.4 1.709 $741 
500 500 | 270.80 -2035 | -14.10 46230 1.054 | 329.9 | 1.704 S724 
150 150 [| 269.90 23025 | -13.38 1.1% 4.050 | 329.3 1.700 5.707 
1000 3000 | 269.00 “4.15 | ~127205 1.h62 10045 a 1.095 5.2690 
1230 1250 | 268.11 ~$.0% | -11.92 1.429 1.041 328.2 1.691 5-673 
1500 4300 | 267.21 “5.9% | 11019 1.098 1.037 | 327.7 1.687 5.658 
1790 19750 | 266.32 6083 | 10.46 1.067 1.034 | 327.1 1.682 5.6038 
2000 2001 | 269.43 ~7.42 9.72 1.036 1-030 | 32606 1.078 5.621 
2250 2251 | 264.53 “8.62 8.99 1.007 2-026 | 326.1 1.973 $2604 
2500 2503 | 203.64 “9.51 ~h.2@ vo 7BZ beO0Z2 | 325.5 1.669 - 3] 5.58% - 6 
2750 2751 262.74 -10.41 1.53 9.502 4-619 324.9 | 1.604 9.570 
3000 2008 | 201.805 | ~11.30 -6.80 9.229 1.035 | 324.4 | 2.660 5eS52 
3230 32382 | 260.33 | -12.82 “0.69 6.984 20014 | 323.5 1.652 $5a3 
— 3300 3502 | 258.81) | ~14.34 6.59 8.744 16013 | 322.5 | 1.64% 5494 
3780 3ISZ | 257.29 | ~15.86 0.48 6.509 B-OL2 | 321.6 1.636 5.464 
4000 4003 | 255.7% | -17.38 6.38 6.200 LeOLL | 320.6 | 1,629 5-438 
4250 4253 294026 716.09 ~6.26 8.054 £60210 31967 1.621 52400 
4500 =; 4503 | 252.75 | -20.40 "6.15 7.834 1-069 | 314,7 1.613 5.310 
4750 475@ | 251.25 | -21.90 063 27.6168 4-007 | 32768 | 1.606 5.34? 
5000 scce 249.74 743-41 5.94 7.408 1.006 31608 2.5998 ~ 5 | 5.318 - 6 
$230 5254 | 248.23 | 24.92 ~5.60 7.202 1.005 | 415.8 2590 50286 
5500 550% | 246.72 | -26.43 5.68 7.0006 2.004 | 314-9 £582 50259 
3750 S755 | 265.22 7270 84% “5.57 4.802 1.003 313.9 1.574 5-229 
6000 6006 243.70 729245 75.45 6.609 1-002 312.9 1.566 50199 
250 6256 | 242.19 | -30.96 - 6.421 4.008 312.0 1.559 $e170 
4500 0507 | 240.69 | -32.46 6.236 1-000 | 311.0 4.551 5.140 
#750 OTs? 239219 "33296 5.09 6.056 0-999 310.0 16543 Soll} 
7000 7006 237.08 “35047 4.97 5.680 9.997 309.k 1-535 $081 
7250 725@ | 236.18 | -30.97 “4.85 5.708 0.990 | 306.1 1.827 5.051 
7500 7509 | 234.67 | -36.46 4,713 3.540 O.9R5S | 307.1 1.319 ~ $15,021 - & 
7350 wy 233.17 39.98 —+.61 5.376 0-994 30601 i.52k 4.992 
9000 HOLD | 232.66 | -41.49 “$49 $245 0-993 | 30501 1.803 9964 
4250 0263 230016 | -42.99 4.36 $2059 0.992 | 30401 1.695 4.932 
7 6509 eosin 220.66 | -44.49 4.24 4.906 0.991 | 3030) 1.487 40902 
Be 4 08 pa a1s0 O7e2 227216 | 45.99 toll 4.157 0.990 | 30251 16479 40872 
9000 9OL3 | 225.06 | -47.49 3.99 40611 0.98S | 301.1 4.471 4.842 
9250 9263 | 224.16 | 48.99 -2.87 4469 0.980 | 300.1 8.463 4 oB12 
9500 9514 | 222.66 | -50.49 3.74 4.330 9.987 | 299.1 3.454 4.782 
$790 9765 | 221.lo | -51.99 “3002 4.195 0.986 | 24801 1.446 Goud? 
10000 AQOMS | 219.65 | -53.50 3.50 4.963 0.985 | 26%. 1.638 - $[ 4.722 - 6 
80250 10267 | 219.53 | -33.62 72.00 3.911 Oo977 | 247.0 | 2.637 42720 
10500 AOSAT | 219.40 ¢ ~53,75 “0,50 3.763 Q.973 29 09 1.437 4e717 
106790 107H6 | 219228 | -53.87 2.00 3.622 0-964 | 29169 1.49. 4.715 
211000 AA0L9 | 219.15 | —54.00 2420 3.685 0.958 | 296.8 | 16435 ao7le 
41500 4152) 210.90 | -34.25 2.25 3.228 0.460 | 2960.56 1.434 4-707 
12000 12023 | 210.65 | -54.50 2.00 2.989 0.962 | 29604 | 16433 4-702 
12500 12525 | 218.40 1.75 2.7o7 0.963 290...) | 4.43) 4.09? 
43000 A30z? | 218.25 1.50 2.562 0.965 | 290.1 1.430 41692 
13500 13529 % 217,90 1.23 2.37) 0.966 | 295.9 1.428 4-687 
14000 1403; 217.05 1.00 2.195 G.968 | 295.7? 1.427 - 5] 4.082 ~ 6 
14500 14535 | 217.40 0.75 22032 0,969 | 295.6 1.426 4.677 
45000 25035 | 217.45 0.50 1.880 O.97L | 29564 1.424 4.672 
43500 415534 | 216.90 0.25 1,740 O.P72 | 2950 | be 42d 4.66? 
1e060 20000 210.65 0.00 1.010 0,973 29561 16422 42662 
16500 16543 | 218.40 0.25 1.489 0.97% | 294.9 | 1.420 4.057 
47000 19046 [| 246.15 0.50 1.378 O.97S | 296.7 | 2.449 4-652 
17540 17540 [| 215.90 0.75 1.275 O.9P& | 254-6 § 1.417 4-647 
17000 10051 245.65 -1.00 1.179 0,977 2940% § 14416 %ob42 
14500 40556 | 215.40 ~he25 1.090 On97& | 294.2 | 16415 9.637 
39000 A9057 | 215.25 71.50 1.008 0.978 | 294.0 | 26413 - 5 | 4.631 - 6 
19500 19500 | 215.19 -1.80 9.314 ~ 2] 0.978 | 294-0 | 1.6413 4.631 
aout 20063 | 215.15 ~1.50 8.003 O.977 | 294.0 | 1.413 4.631 
20500 20S | 215.15 72.00 72947 0.979 | 294.0 | 1.413 4.631 
21000 Z10r0 | 215.45 -2.50 7.340 0.980 | 294.0 | 1.413 4.o31 
2b500 2U5713 | 235.15 “3.09 6.760 0.982 | 294.0 | 1.413 4.631 
22000 22076 | 215-15 -3.50 6.263 0.983 | 294.0 | 1.413 4.631 
22500 22500 | ¢15015 4.00 5.765 ve 9% | 29400 | 1.413 4.631 
23000 25084 | 215.15 4.50 5.343 O.9ae8 | 294,20 | 1.413 4.632 
23209 east | 215035 -3.00 4.935 0.985 29400 | hoohd % 0638 
24000 29081 215-15 -5.50 9559 - 0.985 | 294.0 | 8.413 ~ 3] 4.431 - 6 
24500 24595 | 215.45 ~6 00 21h O.985 | 294.0 | 1.913 e631 
2500" 25099 215.15 4.5 3.089 0.985 294.0 1.413 4.631 
25500 25603 | 215.15 7.00 3.592 0.985 |} 294.0 | 1.413 4,631 
20000 26007 | 215.15 | -58.00 7.50 3.318 0.983 | 294.0 | 1.413 4.63) 
26500 2eei1 215.15 | ~38.00 8.00 3.065 0.985 | 294.0 | i413 #631 
27000 27125 | 215.45 | -38.00 6.50 2-631 0.98% | 294.0 | 1.413 4.633 
27500 27019 } 285.55 | -57.60 8.09 2.610 0.981 294.3 | 14le 4.640 
29000 Zates | 215,95 | -57.20 6.70 2.407 Q.979 | 299.6 | 1.4918 4.648 
26500 2520 | 216.32 | -30.80 ~8.40 22220 0.9To | 294.9 | 1.420 4.656 
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: : ‘scancseniccaeeraault = 
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250 
soo 
750 
1000 
1250 
1500 
1750 
1399 
2249 


2499 
2749 
2999 
3246 
3498 
3748 
3997 
4247 
4497 
4746 


4996 
5S2to 
5495 
5745 
59% 
6244 
6493 
6743 
6992 
7242 


7491 
ym. 
7990 
8239 
8489 
8738 
8967 
9237 
9486 
9135 


9984 
10233 
10483 
10732 
40¢al 
arene 
angrTrT 
12475 
12972 
347k 


13969 
14467 
14965 
15462 
15960 
16457 
10959 
17452 
17949 
16446 


16943 
19440 
49937 
20434 
20931 
41428 
21924 
eerei 
22917 
23413 


23910 
24406 
24902 
25398 
25896 
26390 
26666 
27382 
Z7etT 
286373 


AAAI aes, “PUN IEPmanaTOE 5. Sere w mem RN ners ere 


272259 
471.70 
270.80 
269.90 
269.00 
2o8.11 
267.21 
266432 
265.43 
264.54 


263.64 
262.75 
261.66 
260.34 
256.62 
257.31 
255.79 
254.28 
252077 
251.27 


249.76 
28.2% 
2enelS 
265224 
243.73 
242023 
240.73 
239.23 
237.73 
236023 


234.73 
233422 
231-72 
230.23 
226.33 
227623 
2250T% 
224024 
222-74 
2zb eee 


219.75 
219.54 
219¢41 
219.29 
219.16 
218.91 
2hG.66 
216.41 
216.16 
217-91 


217667 
217642 
2b7el? 
210.92 
216.67 
216642 
Zook? 
215.92 
215.68 
215243 


205.18 
215.15 
215.45 
215.15 
2h5.15 
215.15 
2i8.5 
2i50235 
@as.15 
2b5045 


2b5e15 
215615 
215.15 
215.15 
215.15 
215.15 
2450 
215646 
215.8% 
419,25 


Temperature 


0.56 
-1.45 
2.35 
73.25 
“4015 
-5,04 
“SH 
-6,83 
“7.72 
-8.61 


~%. 5h 
~10.40 
~11.29 
“12.41 
“14.33 
~15. 8 
-17. 36 
18.47 
20. 38 
-21.88 


~23239 
24.90 
26.40 
-27.91 
-29.42 
-39.92 
32.42 
~33.92 
~35.%2 
56092 


~38.42 
~39, 93 
~41.43 
~42.92 
~44.62 
~45.92 
~47.61 
~46.91 
~50.41 
“S191 


53.40 
~33.61 
—33. 74 
533.86 
-53.99 
34024 
54.49 
754.14 
~54.99 
7535.24 


735.48 
~55.73 
-35.98 
56.23 
36.48 
56073 
~56.96 
~$7.23 
- 57.47 
~57.72 


57.97 
56.00 
-58.00 
~58.00 
-$8.00 
754.00 
~56,00 
-56.00 
-54.00 
-38.00 


-38.00 


. 


TABLE 


£.1.— Continued 


45° N. January 
eee ALTITUDE, METRIC UNITS 


1.01800 ¢ 3) 1.005 


9.565 
9.560 
9-262 
8.974 
0.693 
8.420 
2ei55 
7.897 
7.667 


ea 


£.603 
2.001 
1-000 
0.998 
0.997 
0.996 
36994 
0.993 
0.992 


4.301 + © 


1.265 
2.230 
1.196 
beda2 
1.130 
1.098 
1.067 
1.036 
1.9007 


9.783 
9.503 
9.280 
0,985 
6.746 
B.Skk 
8.262 
8.057 
7,037 
7.622 


Toekhl 
7.205 
7.003 
6.806 
.614 
4.42% 
be241 
6.001 
50605 
SeT1S 


5.5%6 
$382 
Sed22 
$.005 
4o913 
4.764 
4.618 
4.677 
4.338 
4.203 


4.0714 
3.920 
3.773 
3.632 
32496 
3.236 
2.999 
2776 
2e572 
2-382 


2.205 
22942 
1.890 
1.750 
1.629 
22499 
12388 
1.284 
1-168 
4.100 


L.OuT 
VoeG3 
8.690 
82030 
¥e42h 
62059 
6.4358 
5.856 
5.414 
56504 


e024 
427s 
30950 
3-051 
3.375 
Zell 
2.863 
4.661 
2.455 
2.266 


Density 


Cad 


1.062 
1.058 
A054 
1.059 
1.045 
3.041 
1.038 
1.034 
4.029 
1.026 


} 1.022 


1.019 
1.015 
1.014 
22013 
$.012 
A.o1l 
1.010 
1.009 
1.007 


f 1.006 


1.005 
1.004 
1.003 
1.042 
1.061 
1.000 


1 0.999 


0.998 
0.990 


0.995 
0. 994 
0.993 
0.992 
0.991 
02990 
0.969 
0-988 
0.987 
0.980 


0.985 
0.978 
Qo 97k 
0-965 
0. 958 
0. 960 
0.962 
0. 963 
0. 965 
0. 966 


O. 968 
0.979 
o.97¢ 
0.972 
0.973 
0.974 
G75 
6.975 
02977 
0.977 


0.976 
0.9748 
0.97? 
r AL979 
0.98¢ 
0.981 


at 


Coefficient Thermal 
= of viscosity | conductivity 
re fee fe] [re] ro [iE fom] 2 Seb 


331.0 
330.4 
329.9 
32903 
32868 
32622 
327.7 
327-2 
32526 
B2oe1 


325-5 
32429 
32404 
323-5 
322-5 
321.6 
320.6 
319.7 
348.7 
317.8 


31628 
31509 
31469 
313.9 
313.0 
312-0 
311.0 
310.1 
30961 
30861 


30764 
Weed 
305.2 
304.2 
30302 
302.2 
3201.2 
300.2 
29902 
298.2 


297.2 
297.0 
296.9 
296.9 
296.8 
29626 
29604 
296.3 
290.1 
295.9 


295.8 
295.6 
295.4 
24563 
29501 
29929 
294.47 
294.6 
296.4 
29402 


294.1 
29400 
294.90 
294.9 
294.0 
294.0 
224.9 
294.0 


| 294.0 


294.0 


29400 
29.0 
294.0 
294.0 
796.0 
234.0 


4 294.0 


294.3 
29405 
27408 


1.709 5.741 
1.704 5.724 
1.700 5.707 
1.693 5.696 
4,091 5.673 
1.087 $.656 
1.682 50638 
1.678 “S.21 
1,673 5.604 
1.609 - $] 5.587 - 6 
1.664 5.570 
1.660 et od 
1.652 $2523 
1.044 5.694 
1.637 5.465 
1.629 5.435 
1.621 52406 
1.615 $.377 
1.006 5.347 
4.598 - 5] 5.318- 6 
3.390 5.289 
1.982 5.259 
8.94 5.230 
1.967 5.200 
2.959 5171 
1.551 S141 
1.543 50133 
1.535 5.082 
1.527 5.052 
1.519 - 5] 5.623 - 6 
Ve5LL 4.993 
1.503 4.963 
2.495 42933 
1.487 42904 
1.479 40814 
1.47 42844 
1.463 4.814 
1.455 4.784 
1.447 4.754 
1.439 - 5] 4.72% ~ 6 
1.437 4-720 
1.037 eT 
1.436 4715 
1.435 4eTl2 
1.434 4.707 
1.433 4.702 
1.431 4.697 
1.430 4-692 
1.429 4.687 
1.427 ~ 5 | 4-662 ~ 6 
bas 4.677 
t.424¢ 4-072 
£0423 4.067 
1.422 4.662 
12420 4.657 
1.4h9 42652 
1.418 4ebOT 
12416 40642 
1-415 4-037 
16424 - 5 [ 4.632 - 6 
bo423 4.631 
1413 4.631 
2.413 40631 
1.413 4.631 
1.413 Sub32 
beS83 9e63i 
1.413 631 
12413 4-631 
4-413 4oO3E 
Ae413 ~ $1] 4-631 = @ 
4-413 4-631 
40413 4.63) 
14413 4.631 
3.413 %oO3K 
1.414 @.o32 
1-413 4.631 
bo412 wot 36 
4.417 016 
beth? 265% 
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112 TABLE 5.1, — Continued 
45° N. January 


GEOPOTENTIAL ALTITUDE, METRIC UNITS 


Sound Coeficient Thermal 
speed of viscosity | conductivity 


ry 
. oge 7 P C # valea = 
sce Vapi (iii ds eee a fae Ee oats 


Temperature Pressure 


29000 29233 | 2he.75 | -56.40 beZT4 = #2106935 | 2.008 - 2] 0.973 | 295.1 | 16422 - 9 | 42004 - 6 
29500 | 29638 }] 217.25 | -56.00 rerer) 0.932 | 1.889 0.970 | 295.4 | 1.4924 4-612 
30000 30162 | 217.55 | -59.60 1.089 0.929 | b.743 0.963 | 295.7 | 1.427 4.060 
30500 30047 | 217.95 | -55.20 1-007 6.926 | 1.609 0.96% | 299.0 | 1.429 4.688 
31000 BLaS2 | 218.35 | ~54.80 9.308 8 89¢ Of 3.923 | 1.485 0.962 | 296.2 | 2.431 42696 j 
: 31500 B2es? | 248.75 | --34.40 6.006 9.920 | 1.371 0.969 | 296.5 | 1.433 4.704 : 
- 32000 32162 | 219.15 | -54.00 72962 Oe917 | 1.266 0.987 | 290.8 | 1.435 @eTl2 . 
33000 33292 | 222.25 | -50.90 Z 6.820 0.912 | 1.069 0.949 | 290.9 | 1.452 4etts 1 ¥ 
34000 34293 | 225.35 | —42.80 5 ati 54 0.90@ | 9.050 - 3] 0-942 [ 300.9 | 1.469 4.836 i 
35000 35294 | 226.45 | -49.70 $e036 0-901 | 7.689 0.935 | 303.0 | 1.986 4.896 : 
346000 30205 | 231.5% | -41.60 @eael + Gf O-ute | 6.931 - 3f 0.928 | 305.0 | 1.902 - 2] 4.900 - 6 a 
aT000 37217 | 234.65 | -38.50 3.749 0.892 | 5.586 Q.922 | 307.2 |} 2.519 5.021 a 
30600 38229 { 237.75 | -35.40 3.244 Q.888 | 4.754 O-9lo | 309.1 | 1.935 5-082 | 
39000 39241 | 240.85 | -32.30 2.413 0.684 | 4.008 Oe9IL | BULL | 2.552 5.143 : 
40000 40253 | 243.95 | -29.20 2.443 O-6u0 | 3.489 0.906 | 313.1 | 2.568 5.204 J 
#1000 | 41206 | 247.05 | -26.10 . Ze126 Our? | 2.997 0.901 | 3hSe | 1-566 5.265 - 
42000 42279 | 250.15 | -23.00 1.853 O.67% | 2.580 0.896 | 317.1 {| 1.600 5.326 
43000 42293 | 233025 | -19.90 1.617 0.671 | 20225 0.892 | 319.0 | 1.616 5.386 : 
44000 44307 | 256.35 | -16.80 beGlS 0.808 | 2.922 0.688 | 321.0 | 1.632 5.445 r 
45000 45321 | 259.45 | ~13.70 16239 0.660 | 1.664 0.884 | 322.9 | Lede? 564506 13 
40000 46335 | 262.55 | -10.60 3.087 = 0} Gean3 | 1u4e2 - 3] 0.881 | 324.6 |] 1.063 - 5] 5.566 - © 1g 
47000 47350 | 265.65 ~7.50 9055L + 2] O.dOL | 16293 OnsTT | S260? | 1.679 5.626 ; i 
40000 40365 | 265.65 72.50 8.399 0.859 | 2.101 0.475 | 326.7 | 1.679 5.626 | 
49000 o93ai | 265.65 -7.50 7.385 Oc857 ( 9.685 ~ |] 02873 | 3267 | 16679 5.026 i: 
50000 $0396 | 265.65 ~7-50 6.649% 0.855 | 8.516 0.672 | 326.7 | 1.679 5.626 iq 
51000 $1413 | 266.65 -7.50 50716 0.653 | 1.468 0.8609 | 326.7 | 1,079 5.626 | 
52000 52429 | 205.65 7.50 $021 0.851 | 6.585 Q.boT | 326.7 | 1.679 5.028 1 
53C00 53406 | 263.65 9. 50 4e4h5 0.649 | 5.831 0.865 | 325.5 | 1.009 5.587 : 
54000 54463 | 261.05 | -11.50 3.875 0.847 | 5.159 O.4od | 324.3 | 1.059 5.549 
55000 55480 | 259.65 | -R3-50 3.399 0.845 | #500 Oe¥OL | 32300 | 1.048 5.510 ; : 
56000 50096 [ 257.65 | -15.50 2.976 =~ 110.843 | 4.027 - | 0.859 | 521-8 | 1.638 = 9] 5.471 - 6 | 
57000 57S16 255065 “17.50 2.6007 0.841 3.953 0.857 320.5 1.628 5.433 —_ 
58000 $0534 | 253.65 | -19.50 2.280 } 06838 { Feb3k 0.655 | 319.5 { 1.618 5.394 
$9000 59553 | 251.465 21.50 - 2991 0.3936 2.757 0.853 318.0 1.606 5.355% P| 
20000 60572 | 249.65 | -23.50 1.738 0.634 | 2.425 O.55i | d16.7 | 1.597 5.316 
61000 61591 { 247.65 | -25.50 1.525 0.832 | 2.131 0.848 | 315.5 | 10587 5.277 t: 
62000 42641 | 245.65 | -27-50 26359 0-830 | 1.870 0.840 | 32.2 | 12977 54236 
©3000 3631 243665 29030 1.147 0.829 1.640 0.832 2:9 3.560 5.108 | ¥ 
64000 64051 241 26S ~31-50 9.962 = 2| 06829 1,436 0-825 Zlleo 1.556 5.199 k 
65000 05672 239.55 ~33260 8-643 0,830 1.257 Oebe2n 310.3 1.545 SeL18 H * 
66000 66692 | 237.465 | ~35.70 7.490 = 210.032 | 1.099 - |] 0-815 | 308.9 [| 1.934 - 8] 5.076 - 6 ; 
670090 e774 235.35 —37.80 6.482 0.835 9.595 - §]0.622 307.5 1.523 $.035 4 
68000 68735 | 233.25 | -39,% 9,603 0.539 | 9.368 0.808 | 20662 [ beS1L 4.993 
69000 69757 231013 ~42.00 4.836 0.8464 7.288 0.606 $04.8 12500 4.952 : 
70000 70779 | 229.05 | --44.10 , 4.159 2.851 | 66340 0.805 | 303.4 | 1.449 4.910 . 
71000 71802 [| 226.9% | -40.20 3.509 6.859 | 5,599 0.8605 | 302.0 | 1.478 4,868 : 
72000 72825 | 224.05 | -48.3¢ 3.089 O.b6d | 4.700 0.606 | 300.0 | 1.466 4.826 
73000 T3848 | 222.75 | -59.40 2.648 0.386 | o.142 0.604 | 299.2 | 1.495 4.Jh% 
74000 74072 | 220.05 | -42.50 i 2.270 Q.092 | 3.264 O.8ki | 297.8 | 1.404 4.742 
75000 75896 | 216.55 | -54.60 1.943 0.997 } 3.097 0.816 | 299.0 | 1.432 4.700 3 
76000 70920 | 2lae4S | ~-56.70 é 1.661 - 2 0.822 | 294.9 | 1lee2l ~ 5 | 4.658 - 6 | ; 
77000 77944 | 214.35 | -58-30 Ae41? 0.030 | 273.5 | 1.409 4.615 ro 
7a000 T8905 | Zizadd | —H0. 0 i 1.207 0.840 | 292.1 | 1.397 4.573 : 
79000 7999@ | 210.15 | -43.00 4.027 0.851 | 220.0 | 16386 40230 
#0000 B10ZG § 200.64 J ~o>.)2 8.727, - 3 Co682 | 2d%e2 | 10374 4.488 
81000 82046 | 205.42 § -pf.es 7 7.395 QeA2 | 207.7 | 1.62 45445 : 
82000 a3sor2 | 204.0) | 708.34 7 6.259 0.92 | 206.2 | 1.350 40403 ; 
93090 84096 J cut.o4 | -71.49 5.289 0.972 | 26407 | 1.338 4.360 8 
84000 a5125 [ luv.do [ -73.5¢ 4463 1.001 | 26363 | 1.327 4.317 I 
45000 86152 J lyv.o? f -75.58 4.759 4.020 | 28303 | 1.327 | a 3hT ! 
' 90000 #7100 | 159.55 | -73.00 3eltB = 3 1.038 | 265.3 | 1,327 ~ 5] 4.317 ~ % , 
: 37000 80207 | lvy.os F -73.6) 2.670 1.057 | 263.3 | 327 4o3L? 4 
f 0000 89235 | sve.o2 f -s5.03 2.250 1.07% | 263.3 | 1.327 4347 i 
99000 90264 | lvv.40 [ -73.69 1.696 1.800 | 263.2 | 1.327 ed? ' 
90000 91293 | tvv.2e J -75.91 1.598 1e437 | 263.3 | 1.327 431? fi 
92000 93351 | 204.40 | -o5.75 1.140 1o17% | 287.2 | 1.358 43h i 
94900 95OLL f 209.41 | mores 8.219 - & 2.209 $293,727 1 1.390 e545 ee 
| 96000 97472 | 214.47 § -ae-ts i 5.363 1.241 7 294.9 | 1.42) 4.658 : 
: 93000 99335 | 217.64 [ -5>.>1 42366 2.24) [ 290.7 | 1.452 4.770 f 
' 100000 101598 | 221-8) | ->1.34 3n2z2 1.317 | 302.5 |} 1.401 4.682 ‘ 
102000 203663 [| 251.14 | -42.01 2.403 - 4% 1.332 | 369.0 | 1.540 5.098 - 6 
104000 105730 ] 249.42 | -32.73 2.616 1.348 | 316.6 | 1.596 5.313 i 
106000 107790 1 249.65 [ -25.67 4.389 £e362 | 323-5 | 1.652 5eh2s { 
108000 ogee? | 2oa.92 | -14.22 1.074 1.377 | 330.2 | 1.707 5-734 H 
110000 annga7 | 204.14 -9.0t 8.393 ~*~ & 20435 [| 33608 | 1.761 5.942 ' 
412000 184009 | 264.9% 11.469 6.640 b.498 | 347.9 | 1.852 6-297 | 
214006 abooe2 | 301.72 | 26.57 9.329 12453 | 358.7 |] 1.940 6.645 1 
116000 BL@LS¢ [ 313.40-f 45,31 4.331 1.659 | 369.1 | 2.025 6.986 \ 
} 
| 
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TABLE $.1.—Continued VW? 
45° N. January 
GEOMETRIC ALTITUDE, METRIC UNITS 


Fae Coefficient | Thermal 
of viscosity oa 


fi eee = pe fom |e TE [nee] & [Slee te| Be ay : 


Altitude Temperature pote ob. Ba Density 


a a amt Naidoo as ead d ak atl ek ae Abc lb 


29000 28863 | 216.64 56.51 8.87 4.301 * 110.936 2.092 - 2] 0.974 295-1 4.422 ~ 5 | 40662 - 6 
29500 29364 217204 ~S5Gek1L 8.97 1.203 0.933 12933 0.974 295.3 1.424 4.070 
30000 29859 | 217044 | ~S$5-71 79.07 bells 0.930 | 16783 0.969 | 295.6 | 1.426 4,016 
30500 303% 2.7.83 “35.32 Pell 1.030 0.927 1.6467 0.966 295.9 1.426 4.686 
32000 30850 ¢ 218.23 $4.92 =9.27 9.529 ¢ 0/ 0.924 1.524 0.963 296.1 1.430 4.693 
341500 32365 218.63 ~$4.52 ~-9.37 8.819 0.92k 1-405 0.1L 29604 1.432 *.TOR 
32000 31440 219.02 -54.13 ~9.aT 8.163 0.918 12298 0.956 296.7 1.43% 4.709 j 
33000 32430 | 221.72 | 51.43 9.25 7.001 0.912 | 1.100 0.951 | 298.3 | 1.469 4. 7be q 
34000 33819 224.79 48.36 8.95 6.017 0.907 92326 - 3] 9.943 300.6 1.466 4.825 { 
39000 34808 227.86 45.29 8.66 5.83 0.902 7.924 0.93¢ 392.6 40483 4.686 a 
36000 35797 230.92 42.23 8236 4o473 e+ & 1] 0.897 6.7486 - 3] 6.930 304.6 1.499 - 514.947 - 6 3 
37000 36786 233.99 “39.16 8206 3.868 0.893 $759 0. 924 306.4 1.515 5.008 } 
38000 a77T4 237.05 36.10 “7.77 3-351 0.889 4.925 QO. Sha 306.6 1.532 3.008 i 
39000 38702 240.Lh -33.06 7.47 2,909 0.885 4e221 0.92 31006 1.5486 $.129 f 
#0000 39750 243.L7 29.98 1.186 2.530 0.681 36625 0.907 312.6 1.564 5.189 a 
41000 40737 246224 726,91 6.88 2.204 o.aTe Zell? 9.W2 Bibeb 1.580 36249 j 
#2000 ALT24 249.30 —23.85 6.58 4.924 O.ats 2.688 0.895 316.5 1.6595 5.309 : 
43000 e27it 252.35 20.80 “6229 1.662 oO evi 2.322 Q,893 348.3 10618 5.309 1 
44000 44698 255041 ~17.74 5.99 1-473 0.809 2.009 0.889 320.4 e827 5.428 § 
4000 44064 | 258,47 | -14.68 5269 1.292 0.8666 | 1.741 0.686 | 322.3 | 1.642 5487 i 
i 
40000 45669 201.53 11.62 5.40 1.435 ¢ 0] 0.864 1.512 ~- 3} 0.882 324.2 1.658 ~ 3] 3.89%5 - 6 4 
47000 40055 | 266.58 8.57 “5.10 9.985 -~ 1/0.8602 } 1.315 0.879 | 326.8 | 1.673 $.005 
48000 47640 205.65 -7.50 75.00 8.796 0.860 1-15¢ 0.876 326.7 1.679 5.626 : 
49005 !' wH625 265.65 ~7,50 “5.60 7.250 0.858 1.016 0.874 326.7 1.679 $626 | 
30000 49610 | 265.65 -1.50 5-00 6.626 0.856 | 8.954 - 4{ O.PTZ | 32667 | 1.679 5.626 y 
$1000 50594 | 205.65 -7.50 -5.00 6.016 0.054 , 7.890 0.170 | 32667 | 1.679 5.26 - 
52000 51578 |} 265.65 -1.50 ~5.00 5.301 0.852 | 6.952 0.868 | 326.7 | 1.079 5.026 7 
53000 92562 264.53 ~8.62 5.00 42673 f.850 6-15) 0.3n0 326.0 4.673 526046 
54000 53545 | 262.56 | -10.59 5.00 4elll 0.848 | 5.455 0.864 | 324.8 | 1.663 $2566 
55000 54526 | 200.59 | 12.96 5.00 30416 0.846 | 4.834 Oedo2 | 323.6 | 1.653 $.526 1 eS 
50000 S555hk1 255.03 714.52 75.00 3-477 - 2} 0.644% e280 - 4] 6.860 32204 1.663 - 5 15.990 - 6 . 4 
57000 56493 256260 7-16.49 5.00 2.789 0.842 3.786 0.898 321.2 | 1.833 5.452 7 
58000 S?4to 254.70 ~18.45 75.00 22446 0.839 3-346 654 31929 1.623 Se@14 
$9000 58457 252.73 20.42 -5.00 26143 0.636 2.954 025546 3loeT 3.613 $2376 
60000 59439 | 250.77 | -22.38 5.00 1.876 0.635 | 2.006 0.852 | 387.5 | 1.603 5.338 
61000 60420 248.38} -24.34 -5.00 22640 0.633 20297 0.850 BLG0e 1.993 30299 oh 
92000 ©4140) | 246.85 | -26.30 4-20 1.433 Q.831 | 2.022 0.845 § 315.0 | 1.983 5-261 ; 
63000 62382 | 244.89 | ~26.26 2-24 12250 0.829 | 1.779 0.837 | 313.7 | 2.573 $.223 : 
64000 63302 | 242.93 | +30.22 0.28 1.090 0.629 | 1.563 0.830 | 312.5 | 2.562 5.184 4 
05006 64342 | 240099 | 32622 1.05 90491 - 210.627 | 1.372 On.@2e | Fbhe2d | 2.552 $2145 j 
66000 65322 | 238.67 | ~34.28 3.51 6.255 - 2] 0.8630 | 1.264 - 4} O.4kd | 309.8 | 2.541 ~ 3 | 5.104 - 6 
67000 66303 | 236.82 | -—36.33 5.37 Feolt2 0.633 | 1.055 0.814 | 308.5 | 2.930 : 
©8000 e728 234.76 38.39 Te23 62223 0.836 9e235 ~ S$} 0.810 307.2 1.919 
09000 68259 232.71 40.44% 9.09 52394 0,840 8.075 0,.8n7 305.8 1.908 1 
70000 69236 £30.05 742.50 10.95 0669 0.846 7.052 0.806 394.5 1.498 
71000 70216 223.60 744.55 A2-81 4.037 0.@53 O.152 0.805 30302 1.ae7 
72000 7T1L96 | 226.54 | ~46,61 14.07 3.486 9.861 | 5.360 0.805 | 301.7 | 1.475 4 
73000 7217 | 224.49 | -43.06 46.52 3.006 Q.870 | 4.65% 0.806 | 300.4 | 1.466 i | 
74000 73148 | 222.44 | -50.7) 18.36 2.589 0.881 | 4.054 0.808 | 299.0 | 1.453 4.778 : 
75000 T4)2e5 220.39 52.76 20.24 20226 0.694 3.509 O-@l2 29766 1.442 4.737 j 
76000 75102 | 218.34 | -54-8L 22420 1.912 - 2)0,909 | 3.031 - 370.437 | 290.2 | 12431 « 5 | 42094 - 6 j 
717090 76076 | 2i6.29 | -50.60 23295 12640 9.926 | 2-642 0.823 | 29%.8 | 1.420 42654 
7800" T705@ | 214.2% | -58.91 24.81 16405 0.944 | 2.284 0.631 | 293.9 | 1.908 40613 I 
79040 70030 | 212.19 | -00.96 27.66 aecGl 0.966 | 1.973 0,640 | 292.0 | 1.397 9572 { 
607.00 79006 J cldol4 f -us.d1 29.49 3.026 0.969 | L701 0.851 270.6 | 1.586 4.530 f 
wLooo 79981 Z65.75 Pro. 7 27645 8.749) = 3] 1.015 1.465 0.681 | 28%.2 | 1.354 42489 \ 
82000 80956 256.01 wolely 25.30 T2450 2.039 i200 0. 9ik 2a7.8 4.363 4.447 
83000 81930 oO bere “99629 <3.3u 6.3353 1.062 1.081 0oF40 | 286-3 b.351 2406 4 
$4000 82904 SOL be ~Tlede 71.24 5.375 1.084 9-272 - 6] 0,970 264409 1.340 2364 H 
95000 O3876 | lstene TP -/ 5.51 19619 4.585 1.404 | 7.938 0.998 | 283-4 | 1-328 4.322 4 
80000 64652 LyseoT P -?ae33 16.92 308656 ~ 9] 1.824 | 4.728 - 6] 2.027 | 283.3 | 2.327 - 5 5 4.307 - 6 { 
87000 65825 144.90 ~TPSeb% 15-90 3-204 1.14e 5.696 £.035 263.3 1.327 4.317 F 
48000 86798 lyse 5e -loevl 16-89 2-704 t.164 4.822 1.053 283-3 1.327 4.317 4 
42000 e777 fay.54 | -73.0? 16.88 2.340 1.284 | 4.083 8.G72 | 263.3 | 1.327 4.347 3 
900C0 68743 J lss.ol | -7s.0% 16.86 1.961 1.205 | 3.457 1.091 | 263.3 | 1.327 4327 ‘ 
32006 90687 F cite ~TeelA 14.8u 1.421 1.241 | 2-456 Loied | 284.6 | 1.337 4.356 ; 
34000 926030 J cu.Cl ~olel4 13255 1.027 1.273 | 2.728 h.Led | 208.4% | 1.368 4.667 i 
94000 94572 dlszed”% -62,-9 12.05 7.4H6 - @})1.302 1.228 Lo7ae 29202 4.398 4.577 5 
ga00cd 9O512 214ed4% ~adeol 10.25 3.501 1.329 8.390 - 7 1.299 295.9 4.428 4.687 
100006 98451 lowed w>+09T &+Se 4.07% 1.354 6.355 1.278 299.6 1.458 40795 
10200 100389 | r2s.03 | -49.92 3.97 3-040) = 4] 1.374 | 42809 - Ff 1.319 | 303.9 | 1.493 - 9 | 4.924 - 6 
104005 402326 22007 ~45e2 3.47 2.294 4.390 3.325 1.334 vid.’ 14549 5.134 ] 
106000 104261 2eleoe ~abet IG 1.753 1.497 26433 1.349 317.0% 2.804 5.341 i 
108000 106196 25).9¢d m2ee5T Qt 1.354 1.422 1.804 1.304 32402 1.656 5.545 5 
110090 1WW8l2y 227.91 -1t.0% 2.$1 1,087 1.437 1.354 4.377 330.6 1.?lt 5.748 4 
112000 = { 210062 | 263.05 ~ 4.50 “7.20 | 4.331 - 5] l.e¢¢ | 1.026 16435 | 33705 | be TOs 5.953 
114000 AbL991 04.88 11.03 9.64 6.646 1.447 | 7.689 - 8) 1.405 | 347.9 | 1.851 6.265 { 
116000 123921 SU1.0D 2091 711.95 5.37% 1.647 | 5.861 1.453 | 356.3 | 1-936 6.631 
118000 115849 tliedw 44.05 “14.13 4.397 1.465 42537 1.456 YoRes | 2.919 6.96) ‘ 
| i | 
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4 TABLE 5.1.—Continued i 
45° N. July ' ; 
: GEOPOTENTIAL ALTITUDE, METRIC UNITS : 
A Sound | Coefficient Thermal : 
Pressure Density of viscosity | conductivity | : 
k : 
i 
sec Hi 
1.01350 ¢ 3] 1.000 | 1.292 ¢ Of 0.973 | 345.0 | bere - 5] 4.204 ~ 6 ; 
9.806 © 241.001 | 1.263 0-972 | 344.3 60160 : 
9.505 1.002 } 1.135 00872 | 343.5 be1ST 1 
€.290 1.003 | 1skOT a.972 | 342.8 6.133 j 
9.022 1.00¢ | 1.080 O-$71 | 342.1 6.109 i. 
a.76L 1.005 | 1.053 0.970 | 24103 50086 } 
8.506 2.006 | 1.026 0-979 | 34008 6.063 ! : 
4.257 1.007 | 1.001 0.970 | 339.9 6.039 t + 
a.0n5 1.008 ~ 116.970 | 339.2 6.016 H 
1.779 1.009 ; 0.970 | 338.2 5.986 ; 
#2] 2.0.2 - 1] o.er | 337.2 5.956 - 6 \ 
1e@l2 0.972 | 336.3 5.92% i 
2600 2001 | 279.78 6.63 aned3 20013 0.973 | 335.3 ; 5.895 ; 
3250 3252 | 278.22 $.07 42.20 1.014 0974 | 33404 5.866 : 
3800 3502 | 276.60 3.51 11.26 4-016 O.¥74 | 333.6 5.036 
37380 3782 | 275.45 1.% 1.33 1.017 0.975 | 332.5 5.806 4 
4000 4003 | 273.55 0.40 11.40 1,019 0-976 | 331.6 5.777 1 
4250 4z53 | 272.02 | —1.13 11.599 1.020 0.977 | 330.6 5.748 a 
4300 450s | 270.49 | -z.66 12.52 5.696 1.021 0.978 } 329.7 5.718 > 
4750 4796 | 268.96 | <e.19 1.08 5.92 1.023 0.978 | 328.8 5.089 } : 
; 5000 $004 | 267.43 | ~Set2 1h.78 $.533 +2] 1.024 | 7.208 - 1] 0.979 | 327.8 5.660 - 6 bE S 
5230 5254 | 205.89 | -?.26 11.07 5.359 1.026 | 7.021 0.986 | 324.9 5.630 . 
5$00 5905 | 264.36 | -a.79 11.96 5.189 1.927 | 0.038 0.901 | 525.9 5.601 . 
$750 $755 | 262.83 | -10-32 12.06 $.024 1.029 | 6.056 0.982 | 325.0 5.571 
6600 4006 | 261.30 | -1. 085 12.15 4.663 1.031 | 6.663 0.983 | 324.2 5542 : 
0250 0256 | 25%.60 | -13-49 a2014 4.706 12032 | 6.313 0.986 | 323.9 5.510 : 
6500 0507 | 250.03 | -15.!2 12.13 40553 1.034 | 6.147 0.905 | 322.0 5.419 ‘ 
6750 o7st | 250.3% | -10.7: 12.12 42404 1.036 | 5.984 0.987 | 321.0 5.467 : 
7000 7008 | 254.75 | -16.90 12.10 40259 1.037 | 50425 0.948 | 320.0 5.415 g 
7250 7240 | 253.12 | -20.03 12.09 4.119 1.039 | 5.668 0989 | 3ld.y 5.383 ES es 
7500 7509 | 251.48 | -28.67 12.08 3.902 © 2] Looe, | 5.545 - 1] 0.99% | 31729 $.35z - 6 j : 
1750 7759 | 249.85 | -23.30 12.02 3.868 1.043 | 5.306 0.992 | 33609 54320 i 
#000 #010 | 248.21 | -24.% 12.06 3.718 1.044 | 5.219 0.99% | 315.8 5.286 : 
0250 6261 | 240.58 | -26.57 12.06 34592 1.066 | 5.075 00995 | 314.8 50256 : 
8500 asta | 294.95 | -28.20 12.05 3.416 12043 | 4.934 0.907 | 313.8 50224 a 
: “ft ers 8762 | 243.32 | -29-83 12.05 3.350 1.050 | 4.797 0.996 | 312.7 $0192 a 
241.69 | -31.46 12.04 3.234 10052 | 4.662 1.000 } 331.7 5.160 : 
240.06 | -33.09 12.04 3.122 1.054 | 4.530 1.001 | 310.6 50126 oe 
238.43 | -34.72 12203 3.042 1.056 | 4.401 1,003 | 309.5 5.096 i 
Z 236260 | -36.35 12203 2.906 1.058 | 4.275 4200 | 30805 5054 o8 
235017 | ~37.98 A2~02 2.003 ¢ 2] 2.000 | 4.151 - 2] 1.0060 | 30764 5.031 - 6 
233.54 | -3¢.68 12.02 2.702 k.0a2 | 4.031 1.007 | 306.4 4.999 ' 
231.91 | -41.24 12.01 2.005 2.005 | 3.913 1.00% | 305.3 4.967 : 
230028 | -42.87 12001 22510 1.066 | 3.798 22012 | 306.2 4934 ; 
226.65 | -44.50 12.00 2.419 1.069 | 3.085 1.013 | 303.2 40902 E 
225.40 | -47.75 6.75 20243 1.072 | 3.467 1.031 | 301.0 4.837 i 
222.15 | ~51.00 5.50 2.078 2.075 | 3.259 1.069 | 296.8 4oll2 
218.90 | -54.25 2.25 1.924 2.077 | 3.00% 1.066 | 296.6 4.707 : 
215.65 | -57.50 ~1.00 1.778 1.077 | 2.072 1,082 | 294.4 40042 : 
215.65 | -57.50 -1.00 1.643 1.076 | 2.054 1.081 | 29404 40642 : 
215065 | ~57.50 -1.00 1.538 ¢ 2] 8.076 | 2.452 ~ 2] 1.084 | 29464 4.642 - 6 i 
215005 | -37.50 1.00 1.402 1.070 | 2.265 1.081 | 294.4 40642 a 
215.65 | -57.50 ~1.200 1.295 1.976 | 2,092 2.080 | 294.4 40042 i 
213.65 | -57650 -1.00 1.197 2.075 | Legsd 2.080 | 296.4 46642 a 
215.65 | -57.50 -1.09 1,105 1.074 | £786 4.080 | 294.4 40642 : 
215.69 | ~57.50 -1.00 1,021 1.074 | 1.650 1.079 | 294.6 4.642 : 
215.05 | -57.50 -1.00 90435 © 4] 1.074 |] 1.524 1.079 | 294.4 4ebe2 : 
210.25 | -56.90 0.40 8.718 1.074 | 1.404 1.075 | 29¢.4 4.654 : 
210.85 | -50.30 0-20 4.056 1.073 | 1o2ve 4.072 | 29522 6.666 | 
} 217.45 | ~85.70 0.80 1.447 1.07% | 1.193 1.070 | 29506 4.678 i 
218.05 | -55-10 1240 6.085 ¢ 1] 2.07% | 1.200 ~ Af 1.007 | 296.0 4.690 - 6 a | 
218.6> | -54.50 2.00 6.367 1.075 | 1.016 1.065 | 296.4 4.702 
219.25 | -33.90 2-00 10076 | 92357 - 2] 1.064 | 290.8 4oTh4 
209.05 | «23.27 2.70 3.077 | 6.633 { t.063 | 297.2 4.726 i 
220.45 [| -52.70 2.80 1.078 | 7.907 1.004 | 297.6 4.738 i 
224.05 | ~52.10 2-90 1.079 | 7.354 1.065 | 296.1 4-750 i 
2z7b.e5 | -51.50 3.00 1.080 | 6.789 1.065 | 296.5 4.762 : 
222.25 | ~30.90 1.061 | 6.269 1.066 | 296.9 4.774 4: 
222.85 | -50.30 1.082 | 5.790 1.057 | 299.3 4.786 
223.45 | -49,70 1.083 | 5.369 1.008 | 299.7 40798 
224.05 | -*9.10 1.085 | 4.943 - 2] 1.068 | 300.1 4.810 - 6 
224.0> | ~$8.50 1.086 | 4.568 1.069 | 300.5 4.822 
425.25 | ~67290 1.087 | 4,223 1.9070 | 300.9 4.634 
225.85 | -47.30 1.089 | 3.905 1.071 | 301.3 41846 
220.45 | -46.70 2.090 | 3.0A1 1.072 | 301.7 4.855 
227.05 | -#6.10 1.062 | 3.340 1.073 | 302.1 4.870 
227.65 | -45.50 1.093 | 3.090 1.074 | 392.5 4.682 
228-70 | $4.45 1.094 | 2.854 1,073 | 303.2 4.903 
229.715 | -43.40 1.097 | 2.037 1,072 | 303.9 40924 
230.60 | 92.35 1.098 | 2.437 1.071 | 304.6 40945 
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TABLE 8.1. ~ Continued V5 : 
45° N. July a 
GEOMETRIC ALTITUDE, METRIC UNITS 1 
Pres: Sound Coefficient Thermal q 
pasure: speed | of viscosity } conductivity ] 
Hy m' TK P, mb p, kg m=? G eae | 
: . : ‘mi eae: see YK) d 
Qo Q 296022 23,07 &.d07 1.6135G + 3] L.000 4.192 * O] 0.973 | 
250 250 294.99 21.80 a.42 $n 8S ¢ 2) 22001 1.163 0.977 4 
500 500 293.66 20,53 8.78 9.565 2.002 1.135 O.97. a 
750 750 292.41 19.26 9.13 9.20 1,003 A-LO7 0.972 2 
1060 4000 291.14 17.99 9.49 9.022 2-904 1.080 0.971 4 
1250 4250 289.91 16.76 9.88 8.76k b.oos 4.085 0.979 1 
1500 1500 288.67 15.82 10.27 8.306 1.006 1.02? 0.9790 4 
1750 1750 287.43 | 24.28 10.65 0.258 4.007 1.001 0.970 ! 
2000 1999 286.20 13,05 41.04 4.0lo 1.008 | 9.787 = 3) 0.9e9 3 
2250 2249 284.59 LL. 44 41.06 T.779 1.009 9.523 9.970 } 
2506 2499 282.99 9.84 11.08 72549 #27 1.011 92293 - A] O.97L 
2750 27149 231.39 e248 bleak 7.324 1.012 9.067 G.972 
3000 2999 279.79 6.0% ye S 72105 41.013 8.840 0.973 
3250 3248 276.23 5.08 41.20 6.891 4.015 8.628 0.974 
3500 3490 276.68 3.53 21.26 63082 2.016 8e413 On9Te 
3750 3748 275.12 1.97 bL.33 0.4T9 1,017 0.203 0.975 
4000 3997 273.57 0.42 41240 6.280 1.019 7.997 0.9Te 
4250 4241 272.04 wLoik 1b.49 6.687 1.020 7.795 0.977 
4500 4497 270.51 2.0 11.59 $.899 1.021 7.596 0.978 
4750 4746 206.98 4.17 11.068 5e7k5 2.023 7.402 0.978 
5000 4990 267.45 5.70 M77 $.536 + 2] 1.024 Te2db - a] O.979 
5250 5240 265.92 wT.23 } bbe eT $2362 1.026 7.024 0.980 
$500 5485 264.39 78.7 11.96 5.192 1.027 6.841 0. 981 
5750 5745 262.36 710.29 12.05 5.027 1.029 6.6602 0.962 
6000 5994 261.33 ~11.82 42.15 4.866 1.031 6.407 0.983 
6250 6244 259.70 713.45 12.24 4.709 1.032 6.317 0.984 
500 6493 258.07 15.06 42.13 4.557 1.034 6.151 0.985 
6150 of4) 256044 ~16.7, 12.12 40406 1.036 5.989 0.987 
7900 6992 254.6) 18.34% AZekd 4e204 1.037 5.830 0.984 
71250 7242 253.47 “39.965 12.09 4123 42039 52074 0.989 
7500 7991 251.5% . -2h. 6% 12.08 3.986 ¢ 2; 1.041 5.522 - 2) 0.991 
ti T74L 249.91 23.24 12.07 3.853 1.043 $.371 0.992 
80Le0 7990 248.28 ~24.87 12.00 3.724 | 1.044 5.225 0. 994 
8250 #239 246.65 26.50 12.06 3.598 1.046 5.081 0.935 
8500 e489 245.03 ~28.12 12.05 3.475 1.048 9.941 0.9°7 
87590 8736 243-40 ~29.75 12.05 32356 1.050 4.803 0.996 
9000 4987 24e1.7t —3he 38 12.04 30240 1,052 4.069 0.999 
9250 9237 240.15 -33.00 412.04 3.128 1.054 4537 1.001 
9500 9480 238.52 ~34.63 12.03 3.018 1.056 £0408 1.003 
9750 9735 £30299 36.25 12.03 2-912 1.056 40262 1.0904 
10000 9984 235027 —37. 68 12,02 2.809 + 2] 1.060 4.159 - L] 1.006 
10250 10233 233.69 -39.50 12.02 2.709 1.062 4.039 1.007 
10500 10483 232.02 —41.13 12.01 2.612 1.064 3-921 1.009 
10750 10732 230.40 42.75 42.01 2-517 1.067 3-806 AeOLL 
11000 1098. 228.77 44.38 12.00 22426 1.089 3.693 1-082 
11500 | LLe79 225.53 ~47, 02 a.86 2.256 1.073 3.476 1.030 
12000 11977 222.80 ~50.85 5.65 2.086 1.075 3.209 1.048 
12500 12475 219.06 ~54,09 2-41 | 1-931 1.077 3-071 1,065 
13000 12973 215.82 -57.33 0.83 1.786 1.077 2.862 1.061 
13500 13471 215.05 57250 71.00 1.650 1.076 2.666 1.081 
44000 13969 €15.65 ~57.50 1.00 1-525 #2] 1.076 2.464 ~- 1] 1.081 
44500 144607 215.05 57.50 “1.00 1.409 1.076 2e277 1.061 
45005 14935 235.65 57.580 -1.269 1.363 i076 2ceids 1.080 
19500 15462 215.05 57.50 71.00 1.204 1.075 1.945 3.080 
16000 15960 215.65 57,50 “1.00 1.413 1.075 1,797 1.079 
16500 16457 215.65 -57,50 71,00 1.028 1.074 1.661 1.079 
17000 16955 215265 ~57.50 1.00 9.503 + 1] 1.074 1.535 1.07% 
17560 27452 216.19 ~54.% 0.46 a.1ae 1.074 1.015 1.674 
18000 h7949 216.79 56.36 0.146 @.121 1.074 1.305 1.073 
46509 16446 217239 -55,76 O.74 7.510 1.074 1-204 1.090 ; 
39000 36943 217.98 55.17 1.33 0.946 * 24) 1.074 2.810 - LL] 1.087 H 
195060 19440 216.50 ~54.57 3.93 6.427 1.075 1.029% 4-005 3 
20000 19937 219-17 53.98 2.52 5.947 1.076 92453 ~ 2] 1.0863 | 
20500 20434 219.77 -53.38 2.69 5.504 2.077 6.725 1.063 j 
21000 20931 220,3T -52.78 2.79 5.096 1,078 3.056 1.064 j 
21500 21428 220.90 ~52.19 2.886 4.719 1,079 7.%40 1.065 { 
22000 21924 221.56 ~51.59 2.96 40370 1.080 6.872 1.005 : 
22500 2242) 22231% —31,00 32.08 40049 1.981 £2349 1.064 i 
23000 22017 222.15 | ~50.40 3-18 3-352 1.082 52867 1.067 ef 
23500 23413 2234.35 49. 60 3.26 3.477 1.083 56423 1.007 ! 
24000 23910 223.94 49.21 3.38 3.223 ¢ 1] 1.084 50044 ~ 2] 1.068 i 
24506 24406 224.5% ~#8.61 3.46 Peery | 2-086 42636 42069 i 
25000 24902 225013 48.02 3.58 2.RPi 1.067 4.286 41.070 j 
25500 25398 225.73 “47.42 3.06 2.571 1.0866 3.907? 1.071 3 
20000 228946 226.32 —46. 83 3.78 2.385 1,090 3-671 1.072 j 
26560 263° 220.92 46.23 3.86 2.213 1.091 3.398 ; 1.073 i 
27060 26656 227-51 45.64 3298 22054 1.093 3e14S 4-074 } 
27500 27382 226.4% 44.70 ote i.907 1.094 2.908 1.033 4 
28000 27er? 224.49 ~4£3.06 4.96 het?) 1.096 226869 1.072 
26500 28373 | 230.53 | -42.62 5.51 1.645 1.0986 | 2.487 4.071 
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45° N, July 


TABLE 5.1.—Continued i i 
GEOPOTENTIAL ALTITUDE, METRIC UNITS ; 


— qc4 
: Sound Coefficient Thermal eo 
Altitude Temperature a of viscosity ae tivity , 4 


, 
i PB | omer] & aS frent wee fst G 
‘ : ec '(CK) : 


29000 29133 | 231.45 | -41.30 6.26 1.500 ¢ Lf 2.100 [| 2.254 ~ 2[ 2.071 | 305.2 | 8.504 - 5 | 4.966 = 6 i 
29500 29638 | 232.90 | -40,25 6.95 1,394 1.102 | 2.086 1.072 | 305.9 | 1.510 42986 ‘ 
30000 30142 | 233.95 | -39.20 7.30 1.295 A.i05 | 1.929 2.071 | 306.6 [| 1.515 5.007 i 
30500 320647 | 235.00 | -35.15 7.85 1.204 1.208 | 1.785 8.071 | 307.3 | 1.523 5.028 4 
31000 31452 | 236.05 | ~37.10 8.40 1.120 olAL { 1,053 1.07% | 308.0 | 1.526 5.049 
31500 31657 | 237.10 | -36.05 6.95 4.092 Ledk@ [ 2.531 AeCe? T 308.7 | 4,532 5.069 
32000 32162 | 238.15 | -35.00 9250 697) 6 OF L.LT | Lesae LeC.! | 309.0 | 2.537 5.090 
33000 33172 | 240.65 | -32.50 9.20 8.407 1e12% | be2at 1.088 | 312.0 | 3.550 §.139 : 
34060 34183 | 243.15 | +30.00 8.90 7.300 1.230 | 2.000 1,068 | 312.6 | 1.564 5.189 
25000 35194 | 245.65 | -27.50 8.60 348 1.130 | 9.002 - 3] 1.096 | 314.2 | 2.577 5.238 ae 
i i 
30000 30205 | 246.15 | ~25.00 8.30 5.52¢ © Of 1L.i4l 7o760 - 3] 1-103 | 31508 | 1.590 ~ 5.237 - if 
37000 37217 | 250.85 | ~-22.50 8.00 4.820 1.246 | 60699 LelkO | 31704 | 1.602 9.335 , 4 
38000 36220 | 253,15 | -20.00 7.70 2208 1.152 | 5.792 1.1L? | 319.0 | 1.015 5.384 io4 
39000 39241 7 255085 | ~17.50 7.40 3.680 1.156 | 5.014 4.123 | 320.5 | 4.628 5.433 { : 
420000 #0253 | 258.1> | -15.00 7.10 3.224 Lel6l | 0.347 Lel29 | 322.1 | 1.641 | 26401 mY 
41000 41266 | 260.05 | -12.50 6.60 2.824 LelOS | 3.77% 10135 | 323.0 | 1.654 5.529 | 
42000 42279 | 203.15 | ~10.00 6.50 2.479 1.169 | 3,261 1.140 | 322.2 | 2.606 5.577 }. 
43000 43293 | 265.65 -7.50 6.20 2-176 1.173 | 2.656 1el45 | 326.7 | 1.079 $2626 rye 
44000 44307 | 208.15 5.00 5.90 1.916 L176 | 2.490 aetsa | 328.3 |} L691 5.674 t | 
45000 45321 | 270.05 ~2.50 5.60 2688 1.160 | 2.173 2.155 [| 329.6 | 4,704 Se721 { { 
; 4 
46000 40335 1 273.15 -0.00 5.30 2.469 8 8¢© 01 12.163 | 1.699 ~ 3 | 22559 | 331.3 | 2.716 - 5.109 - i } 
47000 47350 | 275.65 2.50 5.00 1.315 LetaS | 1.661 t.163 | 35208 | 2.728 5.017 'o3 
46000 48365 |{ 275.65 2.50 5.00 Lolok 1.186 | 1.468 1.167 | 332.8 | 1.728 5.817 ; 4 
49000 49301 | 275.65 2250 5.00 2026 AoL9L | b029F 1.169 | 3320% | 3.728 5.017 : | 
50000 $0396 | 275.65 2.50 5.00 9.064 -— LE L.L9e | 1.245 1.172 | 332.8 | 1.728 5.al7 od 
51000 51413 | 275.65 2.50 5.00 8.007 16196 | 1.012 leite | 33208 | 1.728 5.617 H 
$2000 52429 | 275.05 2.50 5.00 2014 Ue199 | 6.940 - 4] 2.477 [| 33208 | 2.728 Seah? ; 
53000 paseo | 273.15 -0.00 4250 6.246 2.202 | 7.966 2.282 | 33203 | 1.716 5.709 | 
54000 54463 | 270.55 72.50 4.00 5.508 1.204 | 7.090 1.186 | 32908 | i.706 $.72L 4 
55000 95460 | 204.15 5.00 3.50 e852 2206 | 66304 1.190 | 32663 | 1.691 9.07% : | 
50900 50498 | 465.65 -7.50 3.00 e209) = 1] £6208 | 5.599 - ©] 1.19% | 32067 | 10679 - 5.626 © oA 
51000 $7516 | 263.15 | -10.00 2.50 30752 40210 | 4.967 12198 | 32562 | 1.606 5.577 : { 
58000 54534 | 200.05 | ~12z.50 2.00 3.293 1.212 | 4.403 1.202 | 323.6 | 1.654 5.529 \ 
59000 59553 | 256.15 | -15.00 1.50 22887 2.212 | 3.695 10205 | 322-1 | £264) 5.68l i | 
60000 #0572 | 255.m> | -17.50 1.00 2.527 4-213 | 3.044 16208 | 320.5 | 1,624 $0433 {. 
61000 61591 | 253.15 | -20.00 0.50 2-210 4e213 | 3.001 Ue2l1 | 519.0 | a.ois Sadde : 
62000 S2oll | 250.05 | ~22.50 2.00 1.929 3e214 | 2.681 1.205 [| 417.6 | 1,602 50335 : 
63000 63631 | 246.15 | -27.00 1.50 2681 be2kG | 2.380 1.208 | 314.5 | 1.579 50247 a 
64000 6465) | 242.65 | -31.50 1.00 14462 he2ko | 2.107 B.21L | 3lbeo | 1.556 S199 ; 
£000 65672 | £57415 | -360.00 0.50 Le2e? L247 | iebo2 e214 | 208.7 | 1.532 5.070 
66000 66692 | 232.65 | -40.50 ~0.00 16996 - 1 fle2a7 | 1e6Gk - @fas2u7 | 305-68 | 1.506 - 4.9ul = j 
61000 67714 | 226.15 | -45,00 0.50 G57  - 2ELe2kT | hated Le219 | 302-8 | 1.484 4.892 
68000 60735 | 223.65 | ~49.50 1.00 @-lal 1.216 | 1.265 1.221 | 299.8 | 1.460 4.602 } 
69000 69757 | 219.45 | -54.00 1.50 6-960 1e215 [ 1.106 46223 | 296.8 | 16435 ooTie 
70000 76779 | 214.05 | -26.50 -2.00 5-946 L214 | 9.049 - 5] 16225 | 29367 | 1.428 e621 
7100¢ 71802 [ 210.45 | -63.00 ~2.50 $062 2.212 | 6.392 t-22@ | 290.6 | 1.386 4.530 
72000 72825 | 205.65 | -67.50 ~3.00 40295 12209 | 7.276 Le227 | 267.5 | 1.300 40439 
73000 73844 [| zOL.L5 | -72.00 3.50 2631 1,206 , 6.288 16227 | 20-3 | 16335 4347 ‘i 
74000 14672 | 196.65 | -76.50 4400 4.958 4-202 | S.Gi? 1.226 | 241.1 | 1.309 0255 
75000 758% | 192.15 | -a1.00 +50 e505 1.198 | 4 650 4.225 | 277.9 | 1.264 4-103 onl 
76000 70920 | 187.65 | -85,50 ~5.00 20143 - 2/2192 | 3.978 - 5] 1.224 | 276.0 | 10257 - #2070 - “4 
717000 77944 | 183,15 | -90.00 ~$250 1-762 1.186 | 3.390 4.222 | 271.3 | 12231 3owr? a 3 
186000 76909 | L7H. | -94.50 6.00 1,475 L.-179 | 2.877 decid [| 26769 | 16204 3.084 
79060 Tyvve | 114.45 | -99.00 -6.50 26216 bekTe | 20632 Le215 | 264.5 | 1.178 3.790 
40000 82020 | lov.oy Plss.oi [11-01 9.905 - 311.160 | 2.046 be 36 | 262-1 | 1.450 32096 
a1000 82046 J loe.ds feluo.dd | mies 6.125 Avded | L.2ke 2250 [ 257.6 | 16423 2.001 
@2000 03072 J ivor.dl f-los.c4 | -15.56 6.607 2ed23 | 1.396 1.228 | 257.6 | 1.123 3-601 i 
63000 84078 J lur.du Pivo.u> | -15.55 $2472 16103 | 1.133 1.207 | £5766 | 12123 3.601 
84000 5125 | tor.09 Ficgs.e “15.56 4.368 1.084 | 9215 ~ 6] 1.185 “les | e823 3.001 i 
45009 WolS2 J loreCo Flso-0/ | -15,57 36552 1.005 | 7.493 Led6S | 257.6 | 40123 3.001 : 
i : 
66000 87160 | lur.07 f-isd.0u | #85659 2.808 -~ 3] 12046 | 6.093 - 6] Leloe | 257.6 | 1.825 3.60) - H 4 
87000 Be20F | lor.yvo Fisva.uy | 15-59 2.349 1.027 | 4.956 16124 [ 257.6 | 1.223 3.001 
#6000 89235 | lor.ue Plvseld 15.61 1.910 1.009 | 4.026 4-104 | 257.6 | 1.823 3s001 : 
89000 90266 | lov.48 bluoeds | -16.86 1.553 0.992 | 3.276 1.069 | 257.6 | 1.123 Bel i 
90000 91293 | lo?.s> Pllx.e0 | -16:86 1.265 0.97% | 2.610 2.067 [ 200.1 | 1o1e3 3.009 
92000 99351 Lfs.su [-vsec4 | -16075 6.095 -~ 410.961 | 1.693 2.027 | 205.0 | 1-181 3-802 
96000 954la | Ltye2e J -ss.0i | -57.17 5.786 ° ee! 6.992 | 209.8 | 1.219 32936 z. 
90000 91472 loweG¥ | ~sdeou | 919.27 3.99% 7,019 ~ 710.959 F clo.5 | ieZ57 &.008 7 
e009 99355 | ldteeG f -38.0y | #19031 2.791 5-086 0,934 | 279.2 | 2.294 4.200 ; 
100000 101596 | iss.5u | -fasnd | 25.40 1.97% 30432 9.917 [| 203.8 | 12331 4391 f 
102000 103663 { ¢il.2y | -os-00 | -1n.3u 1.425 - 4% 20203 - 710.659 | 296.9 | 1.436 4eTle - i 
104000 105730 | 220,12 | -s9.u3 -9,24 1.057 1.545 O.6zh | 30¥.5 | 1.938 5.093 { 
100000 107798 | cee.e0 | -e5- 35 -?,13 4.02: -5§ 1.066 0.796 | 321.6 | 1.636 50404 { 
108000 1098607 [ 2vi.so [| -11-90 4,91 6.208 70826 - © | O.Tak | 333.2 | 1.731 5-829 H 
110000 ULV3T ff clTats 4.0% 2.55 4.687 5e%o7 0.799 | 344.5 1.823 o.hbo i 
112000 114009 duteds $1609 Seth 32920 40202 0.791 | 361.4 | 1.962 o.733 \ 
414000 110062 330007 D1. 34 16.73 3.206 36148 0.789 sil.6 20034 7.264% { 
116000 Lbelse | sx00u¢ daeal 23,90 2605 2-414 0.792 | 395.1 | 202e1 7.781 4 
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TABLE 5.1. —Continued W7 
45° N. July 


GEOMETRIC ALTITUDE, METRIC UNITS 


Altited T P Sound Coe ficient Thennal 
Huge emperature neseure apeed | of viscosity conducts 
Z,m T,°K a, °C T-Tws P, mb Pale ka m=! aec-! ae : 
me vec 'CK) 
29000 26848 231.57 41.56 6.05 1.529 * 17 1.100 20301 - 25 beO7L 305.2 1.502 - 5] 4.960 - 6 
29560 29364 232.061 -40.94 6.00 1.2422 1.102 2.129 1-071 305.7 1.508 4e98) 
30000 29659 233.05 739.50 7.14 1.322 12105 1.971 LeOTk 206.4 1.914 §.05: 
30500 30344 234069 ~34.46 1409 1.240 deg? 1.a26 1-OTL 307.2 2.519 $.022 
31000 90050 5 255.73 | —37.42 4.23 2.445 bellO | 1.592 Le-Q7L 30768 1.525 5.042 
31500 BLASS 236077 ~36.38 3.76 1.066 keld? 1.568 42072 308.5 1.530 5.063 
32000 31840 237.5) 30034 Pers 2.922 ¢ O] belie 1.454 1.6072 309.4 3,436 5.086 
33000 32030 1 24.22 | -32.93 9.25 6.613 lsbzs | 1.249 4.080 | 3:0.7 | 1.4566 So13k 
34000 34019 292.70 730.45 6.95 74488 1.129 1.075 1.087 312-3 kode 5.180 
35000 34808 24> 07 27.98 Byoo 4519 10135 9.263 - 3] 1.695 JL329 1.574 Se228 
36000 35797 | 247.4% | -25051 @.46 2oO8% + Of 16140 | 2.996 -— 3] 1-102 | 345.5 | 2-507 - 5] 5.277 - 6 
37000 36TH 250-11 ~23.04% 8.06 4-903 12146 6.912 1.108 317.0 4.600 5.325 
38000 3227% | 25e058 | -20.57 7.72 4.339 LelSL | 5.966 LeLkS | 318.6 | 2.612 $.373 
39000 38762 | 255.05 | -16.10 T.4l 3.799 14455 | 5.286 bel2l 32002 | 3.625 5.421 
40000 39750 £57.52 15.63 7.17 3.330 1.160 42505 beh2?7 d2107 1.638 5.469 
41000 40737 259299 “13. bo O.88 2-923 1.104 3.917 £2133 32308 52650 $.517 
42000 L724 | 262046 | ~10.09 6.56 2.509 1.166 | 3.910 1-139 | 320.8 | 3.663 5.506 
43000 S2TLL | 204.93 ~A.?2 6.29 2.2601 LeL7h | 2.923 Leolee | 326.5 | 1.675 $.0h2 
44000 43094 £67239 5.76 5299 1.992 2.175 22595 ree ond 327.8 i607 5.059 
45000 44084 204486 73.25 5469 Lets? VedTe 20268 Le bde 32963 1-100 5.706 
40000 45009 | 272032 —0. 83 5.40 2.552) # O] beled | 2.985 - 3] 2-158 | 330.8 | 2eTA2 ~ 9] 5.753 8 
47000 46054 | 274.79 1.64 5.10 12372 4.185 | 3.739 be l63 33d03 | 1.724 5.800 
#8000 47640 | 275.65 2.50 5.00 1.216 Bel@? | 1.535 AodoS | 33268 | 1.728 Se8L7 
49000 48629 273265 2.50 9.00 1.075 ie190 42358 bo loe 332.2 1.728 Seok? 
$0000 49610 | 275.65 2.50 5.00 9.513 - 2 | detoed | 1.202 Leavn 332.6 | 1.726 S817 
51000 5059% | 275.65 2.50 5.00 8.420 40195 | 1.06% iel?a 332.6 | 1-728 S.e17 
52000 21576 275.05 2.50 5.00 7.453 1.198 9.920 4] 12:76 332-8 1.728 5.617 
53000 2562 | 274.25 1210 GeT2 6.597 be20k | 8.380 4-180 | 332.0 | 1.72 5.790 
54000 $3545 271.79 1.36 4.23 5.833 14203 T4777 Le Lae 330.5 1.709 5.743 
5000 5452@ | 269,33 ~3.82 3.73 5.152 4e2GD | 60064 Lelau | 329.0 | 1.097 5096 
56000 55511 266.67 6.28 3.44 40596 - 241.207 52934 4] b-192 327.5 1.065 - 51 5.649 - 6 
57000 58493 264646 2723 2nd 4.006 1.209 50278 1.196 32000 &0673 5.602 
38000 57476 |] 261.96 | -Li.by 2-26 3.527 1-210 | 4.090 1.200 | 324.5 | 1.660 5.555 
59000 50457 | 299-51 | -13.66 1.77 3.30) de2l2 | 4.163 1.203 | 322.9 1.640 9.507 
00000 39439 257.05 -1e.ld 1.28 2.723 1.213 so0Fl 1-207 32h a4 1.635 5.46 
01000 60420 254260 -16.55 O79 2.389 1.243 30269 1.209 319.9 1.623 5.412 
62000 61401 252015 -21.00 1.10 2.093 ae2ie 2.892 2.208 91803 1-610 50364 
63000 62382 240293 24022 deol 1.63) 1.214 20903 1.206 310.3 12599 4.392 
64000 $3302 244052 728.63 1.32 a. 599 «2lo 2e2Te 3.209 313.5 1.571 $.216 
65000 64342 240.11 ~33-0% 0.83 1-592 1.216 22020 A. 2k 310.6 10548 $.129 
60000 65322 259-70 ~3764> 0.34 1.21¢ ~ A] bed? 1.7?b60 4} 2.285 307.48 1e$2@ - 515.002 - & 
67000 46301 rey ers) -41. 8 ~G.1% 1.048 b.2h7 be%T¥ 4,218 304.9 12501 4.955 
68000 67260 s2oebY ~4b02t 0.04 9.058 - 2] be2h? 4.398 1.220 302.0 10407 4.867 
69000 ouZs? 2224498 ~50.67 1.13 7.805 dedlo 1.222 1.222 299.20 1.453 4.1I9 
20000 oyese 216.00 ~55.07 ~1.02 0.706 {1.285 1.071 1.2246 296.0 1-429 4.690 
41000 70216 213.68 “39047 ~2Zeil 5.744 1.213 9.365 5] 1.223 29320 1.405 % AOL 
72600 7TLL9% | 209.28 | -63.67 2.00 4,905 Aedth | 6.165 be22o | 290.0 | 15381 4.513 
73000 72L7L | 206.80 | ~b4.27 ~3209 sobls 4.209 | 7,098 1.227 | 206.4% | 1-956 4423 
79000 13148 200.48 ~12.67 ~3e56 3.940 1640% 66152 1.227 25528 1.33k e334 
75000 te125 196.09 -77.06 4.00 2.992 0202 5e3k5 1.226 260.7 32304 4.204 
76000 ToLO2 | 194.69 | =8i.46 4005 22619 = SE LUaY | 4576 ~ 5S] Leeed | 2ieem | 2-261 - 9} 4,194 - © 
77000 70078 | 187.30 | -45.65 -3.0¢ 20412 Leho2 | 2-929 Ae22e | 274.4% | 16255 4.063 
73000 77054 ba2.90 3002s wd 0d) 1.404 1,286 32300 Lidce é7kal 2-230 3.97% 
19000 76630 i7a,S1 99.04 ~6.02 1.467 ree ea) 2.863 iediyv foley 1.204 3.681 
60000 79006 dlawbé ~ Hees ~6.53 ae2hs 1obTi e429 1.015 204.5 be1l7 30789 
81000 79981 lodede Lisers “10.93 1.000 id.ied 20053 1.235 foled aelSt 3,698 
42000 3809S bape sd lolead “18.3<¢ #.200 = 3] lle 1,728 1.250 207.8 Lelds 3.006 
83000 81930 lvvede J-idoeus |] 35653 6.703 debce | 1.414 10230 | 257.6 | 3.323 3.001 
384000 32904 Leased Peicoeur | ~15555 5480 $6105 | 1.155 1.209 | 27.6 | 1-223 3.001 
s5uu0 836To dus ¥¥ [-linedo 715-56 4.400 3066 | 9.450 - oO} 116 227.0 4.ad3 3.605 
36000 64652 fov,Uo Pivaué "15-87 3.663 - 3) dwe7? To?2o- 6} 1. 1d6 207.0 1.123 ~ 5] 3.001 - © 
37000 65029 foo.0T blvaevo | -15.58 2.995 1.049 | 6.337 eked | 257.0 | 12123 3.001 
3ecdd oorva lus.Go Fl jo.Gy 15259 26449 1.031 delos 22428 2oT.o 1.123 3.608 
849000 arin bere Go dude hb 715.60 22062 O13 e224 b.109 2sl.0 4.123 3.002 
90000 BuTS) hopeae f a roedl 715.61 14637 0,996 | 3.454 1,090 [| 27.6 | 1.123 3.601 
92000 90057 lnveva frlsset? |] 216664 4.901 O.vez | 2-290 £,082 ) 252.8 | ietso 3-715 
94060 92030 | adsele J -~¥lees | =16. Au Tepke = 410,932 | 1.461 1.015 [ 200.5 | 2.193 34844 
¥eo0o Peale MoD.4u J reeehy Fb? .4y 5ob98 0.904 | 9.495 = 7] O.ve2 | 27ie2 | 1.230 3.97% 
94000 9OoLk¢ laselo ~ol.4yu 718.95 32660 0.860 O.102 0.9$1 215.7 'e266 4.102 
200000 98451 bye ad todeus 719-8) 2e5t9 0.657 4.596 G92 260.2 1.302 4-230 
102000 100309 | ivf.ee | -75,25 | -2?.08 1,086) 0 - 4] 0.836 | 3.255 7} 0.903 | due.e | 12351 - 5] o.400 - © 
404000 02324 | 214.9% fF soeedh | -15018 1.355 Ose2i | 2.122 O.a52 | 249.0 | 1.493 eile 
106000 $04Z6L § 290.50 | mae, “026 1.038 O.Gi7 | be483 O.ol? | sided 1.551 ouh42 
108000 10019 | cauesd -éuels teas 7.816 - 35 1.053 9.796 | 322.7 | 1.690 9.500 
410000 1oal2¢g foe.4el thavle Se@d #.110 Tor) a] 0.780 333.4 1.737 2-852 
412000 11900) efae0U Date 2575S 4.093 5.700 0.798 349.0 1.826 6.203 
214000 ALIg9) sueedl a). 40 9.59 3.924 #.208 0.791 3ol.3 1.961 6.731 
thegod LL3921 dh tb goed] 1&5 3.230 30163 0.789 | $276.9 | 2.089 7.244 
18050 thoeey | so4.u0 aledl 23.33 2.708 2.961 Oo. 79h 394-09 | 2.212 T.742 
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©1000 00959 401-81 97.86 28.10 1.471 
©2000 ol455 | 301.48 | ~98.i4 | -28.49 1,587 
63000 62951 | sokekbS | -9a.52 | -28.82 1.507 
04000 o39e4 | 300282 | -95.85 | -29.15 Le@al 
69600 6494 | 300.49 | -99.1n | -29.48 1.359 
66000 05940 | 300.17 | -99.50 | -29.90 1.290 
359.04 ~94.83 -10.77 16225 
39903) [-100.16 | ~31.65 Likes 
349018 [-100.49 | 32.52 1.104 
356685 [-100.02 | -33.39 1.008 
394.93 |1-101.14 | -36.26 9.951 
! 346-20 [-101.47 | -35.14 Goa? 
357.48 PoLOL.UO | ~3o00k 8.967 
3272S [102.13 736.68 S.5h1 
357.22 [-102.45 | -37.75 8.078 
350,89 [-102.78 38.03 7.067 
350.56 ]-103.11 | -39.50 7.277 
356,23 [-103.60 | -e0.57 2.906 
355.9L |-103.%6 | -hlees 6994 
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Altitude 


avood eed | £73.77 
90000 9okae | 373.77 
91090 91L9> | 373077 
92000 92igy | 373,77 
93006 93200 | 374.72 
#4000 94213 | 375-77 
_{ 33060 9S219 | 373.77 
9 900 9a226 | 373.77 
$7000 97233 373.07 
9aGG0 90240 | 374.77 


Pe ete ete ge Fa nae ay 


ment et 
pene eertone 


Aare eel er my Hanae nay 


s e > poe RS ER, 
ARERR PES TARRY SS TRAE AE AL RA > SETS SS a 


Ts $2 - Comsnaed j 


TEN Janey : 
CEOPUTENTIAL ALTITE DR PNGLESH UNTTS * 
: ; Y “Maun On Rer gets Thrinial } 
ah wane amity eupdun tease 
\ 


9.507 = &] 0.834 


ott oe Ek eee 


Tenis 3? ~ Comin 
TSN January 
CEOMPTHE ALTE BSG LSETS 


— a ry 


90000 e90ls 3T3.77 


91000 wOu09 | 575,77 
92000 91802 av3.7? 
93000 92796 37,77 
9¢000 937a9 373.7? 
95000 9alBd 373-77 
wacdd 95775 304.07 
y7pu0 YoTos 373,77 
98000 vitol 3716 TE GeO42 - & | 0.820 97.8 9.217 


‘ 
Ahitud: Te mye rature Vresouse bbe man ¢ pet bly 
z on , P 
itt on TK tt T Te Poin He Tes White eer 
#0000 (wera To ata.re v.dtr -@ 
81000 e0vee STRLTP e217 
Bicod izes ota. FT Oo2RLT 
; #3000 odddT 3Ts,9T weak? 
esa00 &3891 423,77 v.2U7 
45000 shed STa,97 Fedil 
86000 d5av0 373.77 Po2hT 
TOU Bouse 373.02 9. ahy 
88000 sleet wtaeT7 we2iT 
87000 $062) 3730 TT Pre ei 


191 


. Thermal 
conductivity 
a 


ATER! 
tony 


ame 


3.910 - & 
3.010 
2.080 
$.0L0 
3.010 
3-GAG 
3.019 
3.010 
3.610 
3-010 


3.010 - @ 
3.010 
3.010 
3.610 
3.010 
3.010 
3.010 
3.010 
3.020 


sett te td il addi 


Serre ee Groen 


Foas Ware "Eee 


192 TAME S2 —Comunerd 
TSN Januar told: 
GEROPOTENTIAL AITITUGE. PNG. ISH UATES 


———— 


y Suund Coe Arent Thermal 
Tesnpe. ature Pressure af viaccgity conductivity 
i, 4 Tim He P e.ibfi? Fea Wee 
o] Q 948.59 -11.08 ~70.08 2.993 * A] 2.000 S. O40 - 2] dele? [tose 
4000 os 30.24 “9.43 =~be.fhr 2-878 0.995 6.952 helLS@ [1000.2 
2000 199¢ | 431.80 “7.98 | -99.04 2.754 0.990 | 8.078 ’ek20 [1042.1 
3900 2994 |] 433.55 mbeli | -34042 Z.oo2 0.985 2.722 1.104 [1044.90 
4000 3992 e552) “Herd 49.20 2.535 O.¢8, 7.383 1.087 [1043.9 
5000 4990 456.49 3.38 “44.34 2.433 0.977 7.066 A,OT2 (1007.4 
2000 sosa a3 32% -o.21 43.81 22335 O.974 6.626 1.008 ]1043.9 
7000 ove? 420.4) “9.26 43.28 22240 9.970 6.593 1.004 | 1040.4 
6000 7985 207.39 712228 -e2.75 20149 0.907 6.366 1.959 11030.9 
#900 aga 244.3)0 ~ASe31 “2.21 2.009 0.963 @.146 1.055 [1033.4 
410000 9982 #41.33 ~16.34 $1.68 1.975 #2 1] 0.960 $2932 - 2] 1-050 |1029.¢% 
11000 1098) 438.50 -Z1.37 ~Ohele 1.092 0.950 5.723 1.046 $1026.32 
12900 iLea0 #35227 ~24.00 40.60 1.613 0.953 5.821 1.042 [1022.8 
13000 12979 432025 ~27 2.42 “$0.06 1.736 0,949 $2325 41.037 [1019.2 
14C0o0 A3z978 429.22 ~H.eS 739,52 1.662 0.946 Se1li¢ 1.033 [1015.6 
15000 aegrT 426.20 33.47 ~38.98 4.591 0.943 40949 1.028 {1012.0 
1@000 isgre 423018 36.49 36.43 40522 0.939 4.769 1.02% | 1008.5 
1TO0y seg7e | 420-16 ~39.51 737.89 1.456 0.935 4.994 2.020 | 1604.8 
186000 1te7s 4lt.i43 92.54 37.35 1.392 0.932 @.925 3.015 [1001.2 
19000 1e97s 414.1h1 95.56 -36.80 2.331 0.928 e.20L levil 957.6 
20000 1y97¢ 411.09 ~48.56 3.26 1.6272 * 2} 0.925 4e10l - 25 1.006 VIFF 
21000 2097¢ 408,07 ~3h260 -35.71 ho 2ks 0.922 3.947 1.002 790.3 
22000 21g7e 405.05 94.02 “39.17 1-160 0.916 3.797 0.998 906.6 
23000 22974 402.03 57.04 ~34.62 1.108 0.915 30652 0.993 982.9 
24000 esate 399.01 - 0. oe ~34.07 12057 O.9ah 3.511 0.989 979.2 
25000 24974 395.99 763.68 ~33.453 22008 0.908 3.375 0.962 $75.5 
@e000 29974 396597 06.70 ~32098 9.615 ¢ 0] 0.906 3.243 0.960 OTL.8 
27000 2ovt4 369.95 69.72 32.44 9.165 0.901 3.116 0-976 9od.0 
26000 27975 3eT.de 12249 ~31.6¢ 8.733 0.u98 2.990 0.97) 904.6 
29000 2ag7s 306. % 73.51 ~26.90 8.320 0.895 2.855 0.962 90306 
30000 29970 3d>.53 Teele ~26045 7.926 @¢@/] 0.892 20725 - 2] 06953 962 26 
41000 30977 384.71 774.9 ~23.41 72549 0.889 2.601 0.944 9O1.5 
32000 31977 363.89 ~75.78 20.607 Tol 90 0.887 2.483 0.935 900.5 
33000 s297Te 363.06 -76.61 ~1T.92 o-647 0.885 2.369 0.920 999.9 
44000 33979 382.24 -772.43 715218 @.520 0.8683 2.261 0.918 950.4 
35000 34580 381.42 ~18.25 12.44 ©.207 0.882 2eloTt 0u910 957.4 
30000 3598) 380,60 -79.07 79.69 5.909 0.3880 2-056 0.903 936.4% 
31000 dOSbs 379.77 =79.90 -9O,04% Saeet Cod7y 1.904 Q.903 Y5a03 
oe seuvuu st9Ee 376,95 780.72 ~Lb.02 92354 0.678 1.873 0.904 95403 
39000 30Gas 3?a.13 81.54 711.84 5.095 O87? 1.786 02904 993.3 
40000 49907 377.30 782.37 —1he.0? 2849 ¢ Of] 0.876 1.70% - 27 0.905 Vo2e2 
410900 409u% 2Te.4e “83.19 723609 4e615 0.874 1.624 0.905 9512 
#2060 41990 375.66 - 04-08 ~14.5h 4.389 0.873 4.549 0.906 920.1 
43000 22992 374. Bd — 84. 84 “19.14 4.175 Oth 1.977 0.906 999.1 
4000 PPo oh) 374.01 85.66 “19296 3.971 0.009 1.408 0.906 946.1 
48000 49996 37T301F — 86048 -ho,7s e777 C.807 1.342 0-907 947.0 
40000 2998 372237 ~87230 ~17.60 3-592 0.865 e279 Q-906 940.0 
47000 #7000 371.4% 86.13 -18.03 3.445 0-863 1.219 QO. 906 744.9 
44009 48003 370.72 788.95 19225 3.267 0-86) Aelol 0.906 943.9 
49000 e90u> 369. 90 ~ao.T7 -20-07 3.067 UeB59 42106 0-905 94208 
$9000 50008 309,07 90.60 20.90 2.934 * 0] O.u5s? 4.054 - 2] 0.905 vol. 
52000 $1010 366.25 ~Phee?2 -21.72 2-Tae 00854 12804 Ge We 960.7 
32000 $2013 207.43 92.24 220 rh 2.650 06852 9.56Z - 3] 0.905 939.7 
93000 93010 360, 60 93.07 “23.37 2.5ke 0-849 92100 0-903 938.6 
34000 24019 | 365.78 | -v3.09 |] -26.19 2.393 02647 | bo07) 0-903 | 947.6 
55000 $5022 300. % eT 725.048 2.273 0.844 8.250 0-902 9346.5 
26000 96025 304.14 95.53 -£5283 2.159 0.84) 7.860 0.901 935.5 
$7000 27028 363.38 96.36 26206 2.051 0-836 1.462 0.900 939% 
38000 54031 362.78 ~90.69 “27.19 1.947 0.835 Tolle 0,898 933.7 
39000 59034 362.45 oe LEY £4 27252 1.849 0-832 00764 0.895 933.3 
00000 e0C3e BO2e3< “97.55 “27.459 1.796 + 0} 0.829 66429 - 3} 0.893 932.9 
#1000 eldei dol.7? 97.08 26.18 1.067 0-626 6.110 0.890 W324 
2000 02045 501.40 ~b.2) 26.5) 1.583 0-823 2-806 0.864 942.0 
#3000 3009 301.33 — Fo >4 28.84 2.903 0.820 5.518 0,885 931.6 
©4000 o4053 300.680 —~WMe87 29.17 1.427 OobL? $e243 0.883 931.2 
#2000 05057 360.47 99,20 -29.90 1,355 0.814 42962 9.880 93007 
0009 6b O61 300.15 99.52 -30.03 1.200 0-810 417 he QO.els $3053 
1006 ot0e2 eye Pe 4 ~99.85 30-91 bed2l 0.807 42498 0.870 92904 
©8000 00009 | 35¥.49 [-100.16 | ~31.79 1.159 0-804 | 4.27% 0.875 | 929.5 
#9000 e907) 359216 [-160.51 ~52.87 1.100 0.800 4.0690 O.ura 929.0 
70000 7007e 356.803 |~100,84 733.55 1.044 ¢ O| 0.797 32057 - 3] 0.871 928.8 
71000 71082 338,50 |/-A01.1? 34.42 9.909 - 1] 0.793 3.004 0.869 928.2 
72000 72067 390-kT [801250 735.30 9.404 0.790 3.481 0.867 927.8 
13000 73092 357.04 1-101.83 ~3e.18 8.924 O.Tdb 32300 0.865 927.3 
74000 740% 397.51 [-d02e de ~37.06 8.469 0-762 32140 0.863 92009 
7s000 75101 357.18 [- 102.49 ~37.94 8.030 O-TTa 26982 0.801 920.5 
Tego toi0e 376.65 |-102.82 3828) 2625 O.774 2-833 0,856 v2e.k 
77000 mraaa 340.92 [-103.15 739.09 7235 0.770 20690 0.656 929.6 
18000 Tele | 350020 |-103.67 | -e0.97 6-604 0.760 | 2-555 0.853 | 925.2 
79000 T¥i2e2 395087 [-103.80 ~e1.45 On512 O.Ted 20426 0.651 20.8 
A Aenea 1 M8 RE A ROS TR FRI I NE I EY SLR POR NOL A EOE Bis Farts, 


pedi Hh NC RAAT SES EE 2 PERE A As 5 Gi R27 Ba ened an EE 


Sid rss erat eis 2 


GEOMEFRIC ALTITUDE, ENGLISH UNITS 


—eee 


Corfic rent 
of wise amily 


Alinode 


Preseure Denany 


Poin de | r 


Temperature 


polb tes 


246,599 721.08 -70,08 2.993 ea 6.844 - 2 


4o00 990.29 =9.4¢ | -e4.96 20870 0.995 | #45) ; 
euca 51.90 “3.772 | -99.03 2.033 0.990 | e077 ; 
2000 53,56 ceelh | -54.42 2ee4l O.99> | T2720 3 
4ouy ooo.22 ~8,05 | 09019 a@edde O.val | 7.30, 4 
3000 SOLO 450.46 -3.2k 700,38 22932 O.977 Te004 : 
0000 eOk2 | 453.43 mhe2e | -03.m5 2e334 0.973 | 6.823 
7QU0 TALS 450.39 ~“9.ck 43.33 ae2dsy 0.970 6.390 
soou BOLD | 447.35 | -b2e32 742.86 2ele? 0.900 | 0.363 : 
90G0 VOLO | 44%.3b | -ASe3Q | —42.¢8 26059 0.902 | o.bead i 
i 
10000 100lLs 4el.28 o1e.dy ~41.25 1.993 * 1] 0.999 $.928 - 2 3.913 - @ } 
11000 alcis eda. 28 21.43 welded Aedvl 0.955 5.720 8.052 s.09) a 
12000 12020 435.21 20.40 90.09 1.8ai 00952 d.5h7 1.046 3.409 
43000 43021 Cire 0) “27,49 ~e0.le 1.739 0.908 5.32) 1.040 3.406 
44000 a402e 424%e ho ~H.41 ~3%, 62 deeol O.9%> 5.150 1-032 1.034 3.424 i 
45000 35023 aedbol3 ~33.5¢ 739.08 4.389 0.941 4.944 3-927 4.026 3.402 bf 
10000 16024 @2seRh $6050 ~ $8.55 dedeh 0.938 *.7e5s 1.023 1.022 3.379 4a 
17000 lle 420.08 ~39e 59 38.01 10455 0.936 4.590 devas 1.010 3,357 r 
18000 tad25 417.00 42.01 37.48 d.3¥l 0.930 4.42) 1.016 4.010 3.335 4 
19000 19025 414.03 45.0% 36. beaded 0.926 e.257? 1.009 BoRME : 
20000 20020 #11.01 48.600 736.40 4.270 * 4) 0.923 4.09F - 2} 1.005 3.290 - a | 
21000 71026 [| 407. ¥9 | ~51.06 | -3>.67 l.2ke 0.919 | 3.945 2.000 9.919 $220” 4 
22000 22626 04.97? 54.70 35033 hob dy O.¥lo 32793 0.996 vese> 9.58 Prva ks ; 
23000 25026 01.95 walle ~34.79 1.106 0.913 3.600 U.992 82-8 DTD? Bedd2 4 
24000 24020 998093 -00. 74% 34.25 1.06 O.v0¥ 3.908 2987 GFeed 9.%30 3,200 ; 
«50NU £29026 395091 63.70 -33.71 2.007 0.900 3.372 U.vbS vlo.* V.OTe Balt? 4 
20000 £0026 342.89 06.78 33.18 9.003 ¢ 0] 0.903 3.796 0.979 via.t G12 3,154 | 
27000 27020 S89.aF =o¥. 80 ~32264 Fuel de Onur Soh ld O,9Te 94.0 v.51 Preerd j 
28000 2bu¢5 367.23 bot 20) ~3l.72 8.725 0.895 2.986 Oo9nd ForeT Vedve Ere e 3 
29000 29025 380.90 ~72.71 “28.44 ee3kd O82 zonal O.¥ot Poe.d 3.110 ; 
30060 30024 386.69 —12.98 —2>e1d 7.9198 + 0] 0.889 2ePie = Zh Ona? 404.0 3.108 - © > j 
31000 31003 380.41 -73.26 -21.87 7.563 O.ae? <.988 O.93T 90366 9.479 3.106 4 
$2000 32023 3bo0le —73053 ~16.59 7.186 O.bdd 2.407? Q.v2t Yo3.3 Veale 3.104 Sy dares | 
33000 33022 345.80 73.81 “15.3, o.eb 0.883 20352 0.918 963.0 9.408 3.102 “v 
34000 34021 385.54 =74.08 “120035 Oordd Oodal dedee 0.908 ¥o2.0 9.403 3.100 j 
39000 35020 $05.52 14.35 “b.dd edhe 0.880 ae13T 9.900 vo2e) 9-47 3.097 ] 
30000 30019 399.06 ~1h.63 “5.4? De918 Oeure? 2.037 e892 voi. 9.51 3.095 4 
yee s70i? | 3de 77 | -74,90 o52c $2.03? O.e7e | levis Oes70 | Wored vebed a.09d tag 
38000 3uulo 334.45 ~toede ~d.>2 9.369 Q.878 4.651 U.490 Yol.2 92439 3.09) j 
39006 39615 344.01 -75.00 “5598 Pelie Onull? Ll. Tos Ooeva 9oR.o 92430 3.088 
40000 40083 385,57 ~ 76010 -6240 4.070 ¢ 0 | 0.875 1,065 - 2] 0.891 vo0.t 9.4dl - &] 3,084 - 6 4 
#1000 #1011 $630435 -16.54% “O04 035 O37 1.605 Veouwh 9929.9 Boel 3.082 3 
"2000 #2010 282.09 710.98 -7.26 a.eiT 0.67% 4.230 O.sl 499.0 96403 3.07e 1 
43000 43008 3862.20 -7t7.41 -7.71 4.200 Q.ar 1.499 Oebh 958.5 9.396 3.074 ] 
ee0G0 42606 eT yey +4 T7209 9.15 4.005 Veal} 1.391 GOedvh 957.9 9.385 3,07) | 
45000 #5006 361.36 ~T8.29 “3299 3.614 Qeal2 heteo 2ebFh P>T.4% 9.37?o 3.068 | 
46000 #0002 | 3100.94 | -78.73 “9.03 3.031 GedFh | Liezoe Qousi 920.8 | 9.466 3.004 i 
47000 #7000 | 380.50 | ~7¥.17 “9.47 3.od7 Q.ued | i.2u4e O89 920.3 | Veda? 2-061 ‘ 
44000 47997 | 380.07 | —79200 9290 3-291 O.uod | 1eiee Cre irs Yooet | Posed 3.054 4 
49G00 48995 $79.03 ~ 80.04% ~10 034 Jol 53 O.sor 1.094 Veuvt P5028 9.339 3.055 a 
50000 49992 379.49 80.48 “10.78 2982 ¢ 0] O.u6s 1.063 - 2] 0.090 954.0 92330 ~ & | 3.091 - 6 j 
51000 20¥90 | 378.7> | wwd.ve | -li.22 22849 OQ.bet [| P.vde - SLUSH | 956.0 | Vedet 3.048 4 
$2060 Sisut STH03k ~ 1.306 ~bl.oo celud Gebod | Yeton O.ovu 993.9 Wodkd 5.049 
53000 529u¢ | 377,66 | -eie Ty | 12.0% 2.972 OQ.Ho2 | 9.022 Uou90 | voz.9 | 9.903 3.01 
24000 $3981 377.44 82.23 wheeod 2.048 G.660 8.390 0.4089 9od.% Gudve $2038 7 
35000 54979 377.90 ~82.07 ~he.9? 2.324 0.899 8.590 O-d58 951.86 vezGd 30035 
50000 So¥7> 376s 50 ~B3ekk 13.6, 2.247 O.uo7 7.803 Veabd 9ode3 Volrlo 3.031 
$7000 So9T2 ST6013 83.54% 13.04 2.1049 06850 tale over 92067 Pri) 3.023 
248000 ST¥09 375.69 “53598 ~“14e2d 2.007 0.854 7.00; u.eer 920.2 oea? 3.025 4 
$9000 $8400 | 375eed | ~O4ned ~14,Te 1.909 Q.852 | b.740 Odo | Ywy.o | Vedas 3-021 | 
40000 $9902 |] 374.61 | -84-06 | -19.16 1.817 = GO] 0.851 | e425 - 32] O.4eS | 949.1 9.239 - ©] 3.018 - © 4 
61000 60999 374038 785.29 719.99 Peers) 0.84? 62120 yeu.d v.230 3.015 
42000 OL95S | 375.98 | —s>.73 | -10.03 1.044 0.897 | Seudy 0.86% | vou.O | @.22) deka 
63000 62951 373.77 85.90 -10.20 1.504 0.84) Deel 0. uz veld G.2i7? 3.910 
4000 O32 444 373.77 ~#5.90 -16.20 1.068 0.8643 5.278 Q.¥80 ¥4Tod Voll? 3.010 
5000 b8 ee 314077 ~8>.90 16.20 dee@iod 22029 3.e7e vetoes Vel2il 3.010 
60000 o3490 ST30T7 85.90 ~1lo.2v 1.3408 a.1ts O.alt welea Y2227 3.620 
0/000 66930 $73.77 83.90 10.84% i.2bl 0.838 4.503 U.aTe vel. Wedlt 3.020 
©8000 of93, | 373.77 | -dd.90 | -27.38 dedhu Q.bs6 | 4.32) OooTS | Vetoge | Ge2k7 3.0al 
ev000 esse? ot3.7? =85.90 ~i7293 1.459 G.834 @ebll O-ale Solos S217 3.010 
10000 69923 373.77 85.90 18.47 1.103 © 0} 0.632 3-912 - 3] O.873 veded 9.217 - © 1 3.010 - © 
TLOGO 70918 | 373.77 | -dd.90 | 19.02 1.0ev 0.850 | 3.720 O-.et2 | ver.w | 9.217 3.080 
T20u0 71914 373.77 749.90 ~19.56 vevTy = 2) janeee 3.939 Felil 3.040 
73000 7é904 373077 785.90 20.11 Pr) G.u25 3.307 Vell? 3.010 
74600 T3904 373677 85.90 20205 9.O4L 3.203 9.27 3.010 
79000 teuyy 313,97 85-90 21.0 weo0L 3.007 abt $010 
76000 72894 313.77 85.90 wei. Je Bel t3 2.699 Go2aT 2.080 
T70vV0 fouagy 373077 85.90 22-29 Torts 2.%sa [ Wedi? 32019 
73000 These $13.77 ~ads.90 22.83 T.37 2,023 9.217 9-010 
79000 teold 373.77 785.90 23.38 7.037 O-ele 20490 9.217 3.028 
d 
| 
i 


104 Tapis 5.2 —Contunuaed 
75° N. January (Colds 
GEOPUTENTIAL ALTIVUDE, ENGLISH UNITS 


Attitude Temperature Pressure Density siicviscanils 

ee Ei one é 

80000 0127 333.9% [-104.13 w~O2.32 o.lss - 250.738 2.303 - 3] 0.068 

@1000 a@liss 353.21 }-100.% 03.20 5.860 0.753 2.187 

$2000 e2z138 339-88 [-104.79 ~44.06 $.$59 0.749 2.077 

63000 03144 334.87 104.80 ~“8bent $.¢73 0.745 1.979 

84000 @4150 | 354.87 104.80 “03018 $.002 0.740 1.068 

45000 05255 334.07 108.80 -05.73 4-744 0.736 1.772 

3e000 eslel 354.07 104.80 40.28 4.500 0.751 1.08) 

Broce STiat 354,07 10m. 80 46.63 4.269 0.82? 16595 

seoce eeilre BB4A? 1-260.85 47.38 4.088 0.722 1.533 

69000 9180 334.87 j-104.86 WOT e438 3.644 O.Tle 1.435 

90000 90186 334.87 104.80 08.48 3.043 = 250.713 1.361 - 3 

91000 elie? 334.87 104.80 49.02 32456 c.709 1.291 

92000 o2199 354,87 404.80 09.57 3e27a 0.704 1.225 

93005 P2200 54-87 100.00 ~3e12 3.109 0.700 Lekez 

009 ger33 344.37 104.60 50.67 22949 0.695 1.102 

94006 S3249 354.87 104.60 31.22 26798 0.490 1.048 

96000 9e226 354.87 104.60 ~$1.77 2-654 0.686 9.913 - @ 

#7000 97233 324.87 106.60 ~$2.32 2.317 One61 9.403 


354.87 


104.00 


52.87 


Corfheient 


TABLE 5.2. ~ Continued 198 
75° N. January (Cold) 
GEOMETRIC: ALTITUDE, ENGLISH UNITS 


. : Sound | Coefherent Thermal 
F 4 
: - Lf € “ 
fw | sas ae | vate Poa | ttsee 8] tht teee | ere rR) ’ 


Tee7s | 355050 [-LOweQv | ~*2eal e219 - 1] G.752 | 204319 - 3] 0-841 | v2e.4 | 0.833 - &] 2,872 - © 
woos | 355.25 |-lOe.ee | -42.¥9 5.901 O.8eT | 26202 Q.@34 | 924.0 | 8,626 22409 
BlBos | 324.92 [-104.7> | -43.86 5.599 0.743 | 2.09) 0,835 | 92300 | &.019 2.607 
B2b5T | 354.87 [-104.00 | 94.46 5.313 0.739 | 1.985 O,O3L P2d0d | BOLO 

83051 | 3>4.87 [-104.80 | -%5.00 9.04) O.73@ | 1.883 O.e2? | 923.3 | #088 2.866 
S48e> | 354.87 1-104-60 | -95.54 wees 0.730 | 1.787 C.823 | v2s.9 | 8.818 2.806 
g8e0 | 354.07 [-100.80 | -46-09 4.538 O.725 | d.ovd 0.820 | 923.5 

30834 | 3254.87 [-10e.80 | —40-63 4.500 O.F2L 1,609 Q.0he | 923.5 

o7ee7 | Jo4euT [-100.80 | -e7.18 4.086 belo | l.d26 0.812 | 923.5 

seue, | 394.87 [-204.80 | -%7.72 ae0T? O-Ti2 | 16448 0,808 | 923.5 

evel» | 354.67 |-104.80 | -eu.26 30079 - d] 0-707 1,374 - 3] 0.804 | 9239.5 e 
908049 354.67 |-104.80 48.41 3-498 0.703 3.304 0.800 92505 

ViBOe ‘ “49.45 ded12 0.098 | 2.237 0.796 |} 923-5 

vel¥o | 354.87 [-109280 | -%4.90 3.142 O.690 | Late OPO | v23—5 

93?ov | 324.87 |~104,80 | ->0.46 2.982 O.n89 | 1.224 O.7a? | 923.8 

d4Tez | 350.0% |-1os.80 | -50.98 2,830 Q.oa5 | 1.057 O.7a3 | 923.5 

worts 2o5ekT [108.80 ~$i.93 2.685 0.660 1,009 Oe779 | G23.5 

wolow 354.87 [-104,80 -52.07 2.508 0.076 9.519 - of ULT7S 923.5 

9TToL 55408? | -106.80 ~52.0) Zeke O.e7k 9.033 0.7 V23 0% 


| 
| 
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Altitude 


ae ee eee eee 


Si BoE anteater emma ass 3 AE Re eT ae Ae = 


e48.59 


1 empctalare 


-A’l.08 


Tamtk 5.2. —Contunued 
TS°.N. Javuars (Warm) 


GEROPOTENTIAL ALTITUDE, ENG 


ee ee 


Tresaure 


Seuwad 
speed 


Cue ferent 
of Visccesity 


Thermal 
condactoins 


490.24 "9.903 3.578 
#31290 -2.a1 3 3.990 j 
aea.e5 *aaié 1044-0 1.001 3.602 
e>5.21 seb -a¥.<0 2.935 109969 1.085 BeOL> 
aS0.44 “dule 04.34 2.633 1047.4 1.007 3-024 
473.46 ~he2l -3.01 %0325 LORRY 1-081 J.nve 
420.405 “Dede “43 edu Pare 1L040¢4% 1.075 3650u 
ae7T. 39 “l2e2a 42.75 2.0? 10So.4 4.070 ded 
a4eede | -15.31 whee dl 2.000 O,¥e2 | 6.146 1.055 [303364 1.054 3-336 
4410393 | -lu.de | -4).08 levis # A] Oevou $2932 - 2] 4.080 Jlo29.9 1.098 - do] 3.513 - oO 
w)0,390 [| -2b.3? “ehede 1.892 Q.%S0 | d.F2s 1.0%0 [Loso.s 1.052 3J.evi 
#3>.27 | -24.40 $9.60 3.813 O.9d3 on52i 200d |i022.a 1-046 30409 
aa2e2> | - 22.42 40.06 1.730 o.94y4 $2325 1.037 Jivivid 1.040 3.44? 
aede2e | -30.49 “39.92 12062 0.946 5.134 1.093 [LUl>d,0 1.034 Be4eh 
@co.20 | -33047 -ae.ve 1591 0.943 e949 eves |lvi2z.0 1.020 2.402 
Crore o = 30.99 “30.03 aedd2 O.va¥ 4eTO? 4,026 | 1008.5 1.0272 3.300 
420. bo -39.55 -37.49? 2e4d0 0,935 4.594 2.020 [1004.8 1ledlo 3.598 
#1?.as | ~02.9¢ “32.395 ae392 O.932 ae4ed Devld [1ouled 4-010 e339 
aleodi “95.90 “30000 4.35) 0.928 .201 1.01L Yyr.o 1-004 beat) 
Sb1,0% | -em.o8 wddedb ere rs a] Os9so | S.2Ok = 2] 1.008 994.9 V.9B8k - OF] Su2dd - 6 
408.07 ~i.eou [ -35,71 1.215 Vevdd 3.907 1-002 yO. 3 9.920 3.208 
205,0> | -Se.a2 ~$d017 1.160 0.918 3.207 O.9¥8 V6.6 9.659 36249 
#02.03 -$7,64 ~3e.02 4.100 O.9ld 3.052 Qevva Vode GaTya se223 
349.04 - 0.06 34.07 1.097 O.vil 3.521 0-904 VIM? weTaT 36200 
395.99 -63.0¢ ~33.93 1.09008 C.yue 3.375 O.¥85 vIa. 92076 3.176 
S¥C09T ~60.7U -32.9 re) # uf O.¥0e $.d45 O-v80 | 971.8 Velo 3.1d9 
389.95 ~p¥eld ~32.44 Velod 0-908 d-116 Oev?o you. Ve dS2 Bolse 
967.4> ~Weede “des? €.033 Ovsva 2.90 OeG?h vo08,9 9.901 Pre rny 
500.90 “TQ.eY =2oeeT Biddc O.8IS 2.830 00990 Yn0.8 Veddd 3.125 
3v0.52 ~O9.1d 2k? 7.931 + Of Veprs 2.042 - 2} 0.941 Yous | ¥-S08 - &] S337 - oO 
392.00 el. o2 wlo.uT 7.300 0-891 Ka 558 O.927 9TO7 BedvD 36148 
395.99 | ~06.08 | -10.¥6 7.208 Oousy | goaded O.¢l4 97206 9.627 3. 1eu 
SPO ED “04.94 -5.00 ets Veaes 2.3008 0.901 “Ia. 92058 3.171 
$90,660 “Os.01 -0.76 0.555 0.886 2019) 0.890 wlowd 9,064 Seles 
390.20 -ol.47 aed O.2>3 0.808 eo.0e2 Ou? PTbed Veltdl 3.194 
399.73 | 59.44 904d >.906 O.eey l.e7y vebod | ¥8Ue1 9.752 3.200 
Sova? ~59.8U 9.90 5.093 Genvd lon? 0-068 dO} F.7d 3.207 
599,87 ~5¥. 00 9t90 9.033 Oosvh 1.601 0.869 PT rere) P.Tad 3.207 
394.87 59.80 9.90 $2184 O.d¥e 1.719 O.870 | va0.3 9.795 3.207 
399,87 ~39.00 “9 4.940 eo] 0.893 £6640 - 25 Uenld yuo-3 9.TSS ~ B] 36207 ~ © 
39¥.67 - 39.00 Fe v0 4.720 O.uve 1.d6> O-87¢ IVES 9.745 3.207 
jv¥. 87 “59.60 ¥.v0 4.504 Oonvs 1.4693 Ovals yao. 4 Ve755 3-207 
399,07 “59.90 9.90 ora) 0.896 1.acd O.u74 WOO. S YeTsy 3.207 
39¥. OF 34.00 9.90 4.10) Gadva 1.so9 O.a75 ¥90.} Y.ISS 32207 
494.07 | -o¥.40 ¥.90 das Onde 1.297 0.876 yd.) 9eTdd 3.207 
399.87 - 59.80 9.90 3.734 0.699 beds Oe 87? woO.3 %.1oo 3.207 
399.8? -5¥.80 ¥.90 3.503 0e901 lelal 0.678 wi003 9.795 3.7uT 
399087 ~>9.480 9.90 3.400 Ue902 ael2? 0.879 980.3 ¥etod 3207 
S99. OT ~59.80 v.90 3.244 0.903 1.975 O. be VIS 9.795 32207 
394%. 87 ~$9000 9.90 3.092 + Of 0.904% 1.6026 - 2] 0.802 yaund 9.395 = Oo] 3.207 - © 
394.87 ~59.40 9.490 2.9d4 0.909 9-192 - 3] On sad vou.3 | 9.755 $6207 
399.87 39.480 9.90 2.618 0.906 9.344% 0. 664 yuo.) GeTSS 3.207 
399.87 -a¥.80 9.90 2.08y 0.997 erase) O,8u4 v60.3 9.795 3.207 
35.37 saleov Vavu £0900 0.908 3.507 0.866 vIdOe3 9.759 3.207 
399.67 39.60 9290 2.449 0.909 oello 0.887 wd0.3 9.759 $2207 
399.993 ~59.74¢ 9.86 2.33? O.F1d feled O.8aH YdOee Crees) docu? 
au. el - $9.40 10.24 20250 0.912 7.38> 0.868 YI007 $2762 3.209 
£00.48 | -99e19 10,98 20128 0.913 7.003 0.884 Yolo | 9.76? de2ld 
900.76 | -S8e¥1 10.79 2.050 O.9l% | Oc2ho O.u8v | 981.4 | 9.775 3-2h3 
401.03 | -58-04 1L.00 1.938 ¢ U1 0.915 | 06405 - 3{ y.890 | M6).7 | 9.778 - Of 34215 - © 
401.31 ~S$u.36 21.364 1.849 O.916 6.109 0.4090 982.0 9.754 3.217 
01.54 58.09 aleod 4.765 re? Bi 5.8206 OS) Vo2.4 9.Ta9 2.219 
401.85 ~57.82 1h, 86 1.084 0.919 5.957 O.av2 vd2.7 9.795 ae2e22 
90d043 | -57.54 L2.k6 1.2008 0.¥20 52300 O.8%E Yorel 9-900 Sedee 
902-40 | ~57227 12043 31.536 0.922 9.05% 0.893 | Yds.4 9.806 3.226 
a02.08 ~ 50099 12.90 1465s O.ves #0822 0.89% 9ds.7 vale 3.226 
402.93 ~“S6072 12.22 4.398 C924 2594 0.890 Vueol Peal? 3.230 
905023 30.4% 11.99 1.335 O.925 4.3aT 0.895 ¥ae.4 9023 cryers 
403. SY sdo.df dlvol Ladle 0.927 4.185 4.900 ¥6o.T e824 3.234 
a93077 ~55.90 11.40 leche ¢ 0! O.92e8 32,293 = 3] BFE WOOeL 9.8634 - oO] 3.236 - 6 
209.09 ~232028 ahold delol 0.930 3.609 0.404 PAS. 9.039 3.238 
404. 3g ~55.35 10.65 1.108 0.9351 J3e034 0.906 Vaoe7 70805 3240 
#04,60 | -$5.07 10.58 1.058 0.932 30467 0.907 Peoel 92090 Dedede 
004.87 ~54. 80 10.30 4.010 00933 3.308 O.vO¥ FBO 9.856 a-2e 
05,15 90.52 40.03 F046 - a] O 930 30156 O.9la 980.7 Vadol 3.248 
@05.02 | -94.25 9.75 9-210 0.735 36042 OnGls | VuTod Veto? Fede 
402,09 33.909 9.48 OoTHe 0.936 2.674 Oovie yur.e Vole 34250 
402.97 753.70 9.40 6.397 OavaT 2.142 DePlo ver? 9-078 rey 
90e.2¢ 33243 9.93 G-019 0.938 2.017 0.917 9a8.1 9.an4 3.254 
[ete ee a Se eR IY 3 rt SCI a tye OO a SO 


ee at 
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TS ON. January (arn 


GEOMETRIC ALTITUDE, ENGLISH UNITS 


Therma} 


conductivity 


Ceeficn nt 
uf vuncas ty 


Sound 
aperd 


Altitude Teniperalate Veesaure Peennaty 
J 


P 4 
Zu ‘ T Tne \ Poin. He Pas RTL 
ae 
eee 
0 aNGe 59 -T0.08 70993 # 1] 4.000 LoLS? [LOdSed 1.072 - 9] 3.566 - 6 
1900 e90.e5 ~O9 BO 2.870 Oev9> | Bad) 1ebd8 fyed.e 1.078 3.578 
2060 ah. 9u ->99.63 2.793 0.990 | 8.OF? bed2O fddaz2.3 1.078 3.590 
4000 *35.50 =24-41 deG4h 0.985 7.120 $2103 |1004.0 1.083 3,005 
40uuU @>5.22 ~e¥.19 2.334 0.901 Teaek 1.087 |loed.9 1.085 3eO15 
20U0 #70.00 ~e4.30 200 3e Oevll 7.008 h.OF2 [luel,e 4.067 deb2e 
0000 OF 4043 03.55 Pre ery 0.973 [ S023 b-067 |1003.9 1.08) 3.002 
7000 #50. 39 -vedd 43.33 26239 0.970 | 4.540 1.063 |lued.e 1.075 3.579 
woud aot. 5? whee dd -42.50 2el4l 0.06 e303 5-058 [luUso.? 1.009 d.5ST 
¥000 494001 welded 2.059 OePOd | oeled 2eOD% [1033.3 L.0o¢ 3,535 
10000 8bede r@lets 2.973) @ Bb] O699¥ | Sooke = 2] 1-058C [lozy.e 1.058 - S| 3.513 - 6 
110900 238.24 =e1.22 1.84) 0.955 | 5.720 1.045 [1020.2 1.052 d.0¥) 
12000 435021 -40.69 7e@al O.Vde Derk? 1-0) Jloze.? 1.000 3,009 
13900 os2.10 ~40.1e 1.735 0.908 5.320 1.030 [1ORv.1 1.000 a.446 
lsovug e29, Le ~39.02 1,001 0,945 | 5.150 1.032 Jl1OL>d.0 1.004 dines 
As00u e@fo.bs -39.08 l.suy O.vel en Fee 21.627 jJlole.d 1.028 3.402 
JeQve a2aekh -38.55 1.521 0.938 | 4.765 1,023 [1008.4 1.022 3,379 
17009 420.04 - 38.01 1.495 0.938 | 9.549 1.018 froos.8 1.016 3,337 
18000 41l.vo -3?.a8 1.39 0.930 | 4.421 beOL4 Pluciel 1-010 3,33 
ivuoe @19.05 30.94 aaey 0-920 | 4ea5? a-v0o9 | v9T.> 1.004 a.dae 
20060 cyeraay 30.90 BeePU A] UevZS | e097 = 24 :2-005 | ¥v9.6 9.979 - of 3.290 - © 
21000 e07.¥y ~3%.67 Le2ls O.91Y 3,903 Ged v0.2 399 3.207 
22000 904.47 99033 Lebo Vavio 7) JePvd o.9vo | vae.S 9.858 d.285 
23000 2s02o0 e015 ~3e.7% 1.100 OoGh3 3.008 De 992 ve2.d Pree dee? 
29900 £4026 S9H099 $e dd 1.056 0.904 42506 O. wal VIG. VeTdO 3.200 
25000 290¢0 39201 -33.01 1.007 0.906 | SedTe Oo 983 videt 9.674 3,.7? 
26000 <o0do 392.6 ~3d218 9,003 + Q | ¥.9038 32240 O.9TY vIhaT? Y.O12 d.154 
27000 2TQ20 369.07 -32.04 VeLSs Ve B99 dolld 0.974 youd wd) yee 
28000 2802s 387.40 “31.47 rere) 0.845 | 2.984 0.08 yo>.0 ¥e9G2 z.bae 
29000 290¢5 389.02 2b. 8 8, 9h 0.492 | ce Bde Onve3 yoo. werad ae hed 
s0U00 300d" FIV.L99 ~d1.de reve? * QO] 0,40 2.007 - 2] 0.938 ¥o8.8 9.505 - &] 3.137 - © 
91000 31028 392.09 -10.19 7.552 0.888 2.958 0.92% vro.? 9.596 3.146 
92060 32003 393.02 41.10 7.200 0.466 | 2.425 Oevil ¥l2.0 v.o2! 3,100 
33000 33082 3V¥o.ia “6.01 2.860 O.6dd 22303 OY Tee 9.659 a,07K 
39000 $02) 4a¥o.69 -QO.92 0.949 Oendd eel 6a 0.887 9716.4 ¥.690 3.183 
35000 AoCa0 390023 418 ©,248 O.n8> 2.980 0.876 Ore.) 9.721 3.194 
46000 3o014 344. TO ¥.25 S.vOL 0.860 L.orT 0.805 vBO.2 9.792 3.206 
37000 3TCaT 399.07 9.90 +.08¥ 0.880 1,888 0.805 woo.) 9755 3.207 
$8000 IBOLd jyvv.@? 9.90 Prors | C.usl 4.000 0.860 vad.) W.755 39.207 
39000 3v019 399.07 9.90 5,160 0.838 bat? 0.666 ga0.3 w.75S9 3.207 
40000 a00i3 3¥9. B? ~$¥.00 9.90 4.94) + 0) 0.889 1.039 - 2] 0.80F wd0.3 Pe275d - @) 36207 - © 
#1000 whole 399.07 -29- 60 9.0 Core ad 0.690 1.904 0-008 490.3 9.755 se2yT 
42000 42010 599.67 -d¥2 00 9240 2202 Od Leayd Q-8ov wuo.3 9.7o> 3-207 
43000 45008 399.87 ~ 59.90 9.90 4.2% 0.892 1.424 0.470 vao.3 9.755 3.207 
44000 49006 349.87 799.80 9.90 4.100 0.893 1.399 o.a7k ¥8g.d ¥e?od 3.207? 
450U0 #2008 399.87 - 29.80 9.90 2.912 0.89% .297 O.8te y80.3 VeTSS 3.207 
40000 #0002 3¥9. 97 ~2%.8U 9.90 3.733 0,895 4o238 0,875 v8Q.3 9.155 3.20? 
#7000 #7000 399,87 ~59.00 9.90 32.563 O.346 ledsel 0.874 9d.) 9.799 3.207 
#8000 ara? 399.67 mode BG 9.90 3.400 0.897 habe? 0.875 vo0.3 welSd 2207 
#9000 odes d99.87 734.50 ¥.90 3.24) 0.898 1.070 O.B7o v90.3 Feld 3.207 
2000¢ 399,07 59.90 9.90 3-097 #¢ QO] 0.899 1.027 - ¢ |] Oat? v80.3 9.752 - oO] 3.207 = 6 
21000 50990 | 394.87 2-955 O.¥00 | 9.797 - 3| 9.878 ¥80.3 9.7dd 3.207 
2000 bisu? 399.87 2.820 O.9OL | 309 O.ely 990.3 9. Fo> 3.407 s 
95007 2d98% 39%. 87 2.091 0.902 | 6.922 0.880 va0.3 9.7o5 3.2uT 
9000 D3 vos 399.87 2.908 0.903 | o.$h5 0.881 ys0.3 9275S 3.207 
99000 sesry 399.07 2.451 0.904 | 8.326 0.88) 980.3 CPeey) 2207 
20000 59975 399.93 2.339 0.905 P.794 G. 882 BU064% 92756 30207 
s7000 oosle 400.20 2.233 0.906 7.395 0.683 980.7 GoTol 3.209 
28000 57909 400.47 €el3k 0.907 7.053 O.uas 981.0 9-To? de2ld 
39000 400.75 2.034% 2.908 @.927 0.884 vOlee 9-772 302k) 
eQold 401.02 d.ven ¢ 0) 0,909 @.417 - 3] 0-884 wel.? velTe - oO] 3.215 - © 
81900 60999 | 401.29 a. 853 0.910 | 0-120 0.886 982.0 v~ Tee de2T 
62000 ©1955 | 901.97 L.Tov O.oha 56838 0.085 Vales 9-769 30249 
03000 2951 401.84 1.668 O.Fh3 $.509 0.845 gaz.? gales Se22k 
04000 ©3946 | 402.1) deole Q.91e | 5.325 0-880 433.0 % 2800 Sek2} 
62000 Getee | 402.39 1.539 0.95 | S069 0.86? #8324 9-806 3.226 
06000 402.60 1.409 0.946 | 4.050 0.868 ¥o3.7 9-ohk dodge 
ofooG 90d FS +5 O.Fis | w.ois Go665 | F540 3-8 3a au 
4000 4050d) 1.339 Q-91¥ | a.902 O89 484.4% 3.232 
69000 403.48 1-27. 0.920 0.8693 964.7 3.234 
T0000 403,79 leddt ¢ 0} 6,921 0.095 985.0 3.236 
71000 004.03 1.165 Cive2 3.824 0.69? va5.6 5236 
72000 404.30 aedls 0.924 O.eve vO5.7 32240 
73000 404.57 1.003 0.924 42900 946.0 a02e2 
74900 404.85 2.015 0.925 0.901 v¥80.4% 30.244 
75000 405.12 9,091 - 250.927 0.903 956.7 3.286 
Zed" 405539 92255 0.927 0.905 vST.O Perey) 
77000 £05.06 e.0av 0.928 ¥. 906 YET. 3.250 
78000 409.94 0.929 0.906 vere? 3.452 
79000 400.23 0.930 0.909 | 988.0 3-256 


dk Rant at ta 
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TABLE. 5.2.—Continued 
75° N. Januery (Warm) 


_GEGPOTENTIAL ALTITUDE, ENGLISH UNITS 
Altitude Touperature Preasure aa a eneien 
wa | at a P, in. He laa FeV ject Aiea takers 


— ve: 


Thermal 
conductivity 


A 
RTE tt! 
ace TH) 


#0000 BOL2T | 400.52 23215 8.06 T.o57 ~ 3) 0.239 featT - 3) Uedd 988.4 
aides G1333 406.79 ~S2 88 8.38 PPSre4 0.940 26383 0.921 vue. 9.095 
€<000 82138 e0%. 07 32200 Bell 6.983 0.941 2e2le 0.922 969.1 2.900 
$4000 u3146 407.88 ~51.79 0.37 6.609 0.942 Peet y:) O.922 99061 2.910 
84900 84150 408.70 50.97 8.68 0.370 0.903 on 006 0.973 v9hel 9.933 
62000 BS155 409.52 ~ $0015 3692 6.085 0.944 1.970 0.923 99220 94950 
#0000 Beioi #10.35 49,32 9.19 $.d13 0.9e5 laze 0.923 993.0 2966 
87000 atle? @linit 98.50 9.47 $2553 02946 1.790 OeI24 99440 9.983 
#5000 60174 411.99 ~a?.oe Fete 5.300 02.947 1.707 0.924% 995.0 Fo9e9 
89000 ayviad 412.02 70G.85 10.02 $.070 0.948 1.628 0.925 ¥90.0 1.002 - 5 
va00o 90les 413.04 46.03 16.29 Seted - it 0.949 16553 - 3] 0.925 997.0 1,003 - 5 
vl000 SLLP3 414.%6 4502) 10.97 4.031 0.950 Lod 0.926 298.0 1.005 
92000 92199 4t5.<8 44.39 10-84% 4.427 0.951 1.413 0.926 999.0 1,006 
93000 93206 elowll 43.56 Liebi 4.231 0.952 1.348 Q.926 |11000.0 2.008 
94000 94213 416.93 42.74 11.39 4.0%> 0.953 4.286 0.927 }1001.0 1.010 

-{ ¥s000 95219 ol7.75 41.92 11.66 3.808 0.954 4-227 0.928 ]1002.0 1.0hk 
9ovu00 9o226 418.58 ~41.09 11.94 3.698 0.¥%50 Leith Q.929 }1004.0 1.013 
97000 91233 419.40 “40027 lee2l 3.530 OVS? 1.118 0.929 [1003.9 1.015 
wa0U0 98240 420.22 ~3904d 12.48 324382 0.998 1.067 0.930 J 100409 

! 
' 
Did. 2 nectar mirasmnienion apmmtrmae nan ef o9 5 mene sere 


re ene te i a ERIE TE hte i 


90006 T9874 
eLo00 80868 
82000 618603 
83000 82657 
84000 63651 
85000 64045 
@6Coa 85640 
87000 46834 
#8000 87827 
89000 86621 
90000 89615 
91000 90809 
92000 91802 
93000 92796 
94000 93789 
93000 9e7a2 
#6000 95775 
97000 90768 
93000 9Tfel 


2 a ERE: 5 re 


re PT Pe a ne er MRE: 


412.67 


413.49 
414.0 
@h5el2 
419094 
4lo.7o 
o17.57 
418, 39 
419.21 
420.03 


TABLE 5.2,— Continued 
75° N. January (Warm) 


GEOMETRIC ALTITUDE, ENGLISH UNITS 


seca 


Density 


: ; pie) eee ee 


20512 - 3] 0.911 


6.79 
8.52 
8.25 
4.43 
8.71 
2.98 
9-26 
9.53 
9.80 
10.06 


10.35 
10.62 
10.90 
dbekT 
11.45 
UbeT2 
11.99 
12.27 
12.54 


7.702 
7.357 
7.027 
6.713 
Oath 
6.128 
5.655 
5.596 
52348 
Sell2 


4.480 
4.07) 
42406 
#271 
4.084 
3.906 
34735 
30573 
3.418 


fot a ect tA A RAAT ORE ASN iPOD RAE A : a 


0.931 
0.932 
00933 
0.933 
0.934 
0.935 
0.936 
0.937 
0.938 
0.939 


0.940 
0094) 
0.942 
0.943 
0.944 
0.945 
0.946 
0.94? 
90948 


2.398 
26289 
20182 
2.081 
1.984 
1.892 
1.805 
1.72, 
1.602 


1.50? 
1.495 
1.426 
1.301 
1.299 
1.240 
1.184 
1.130 
1.079 


0.912 
C2914 
0.914 
0.914 
0.914 
0.915 
0.915 
0.916 
9.9le 


0.916 
0.916 
0.91? 
ODL? 
0.918 
Q.918 
0.919 
0.919 
0.920 


Sound 
speed 


Qa “ 
fisee' {Ib ft 'aec-! 


960.4 
988.7 
909.0 
989.¢ 
990.9 
991.9 
992.9 
993.9 
994.9 
995.9 


996.8 
997.8 
998.8 
999.8 
1000.8 
1001.8 
1002.7 
1003.7 
1004.7 


Coefficient Thermal 
of viscosity | conductivity 
k 
BTU Rk ° 
© CR)! 


9.806 - &| 3.256 - & 


9.894 
9.899 
9.914% 
9.931 
9.967 
9.963 
9.980 
e995 
1.002 


12003 
1.008 
1.000 
1.008 
1.009 
1.01 
3.013 
1.014 
1.016 


3.258 
3260 
3-266 
3-272 
3.278 
3.284 
3.290 
3.296 
3.302 


3-308 
3-314 
3.320 
3.326 
3.332 
3.336 
3.345 
34351 
30357 


SOE Fe “SPR errno omer renin cat 


3. UE ied ple: demcsence em ee: ata tat SO ne ete mee eR Re 


75° N, Juiy 
GEO? OTENTIAL ALTITUDE, ENGLISH UNITS 


Cc, 
Pena Tre [aee Tee ae 


Coefficient 
of vincanity 


Fi 
E 
' 200 TARLE 5.2. —Consinued 


“u 
th ft Marc ! 


902.06 42.39 -le.el 2.990 0.999 7.895 = 2] 1.032 J1098.¢ 

1000 ws 500. $6 40.89 14.58% 2.480 0.998 7.628 1-027 [1096.8 

2000 196 20906 37.3% 212048 é.tte 0.997 72369 1.022 {1095.1 

} 3000 2904 497.50 37.89 -10.¢1 2.072 0.996 Tolle d.027 F109365 
| 4000 3992 496,06 30.39 “8.34 e573 0.996 6.47e 2.012 [1091.8 
$000 4990 424,57 4.90 -e.27 deel? 0.995 6.040 1.008 {1090.2 

t #000 59aa 4°3.07 33.40 4.20 2.385 0.995 Ootld 1-003 [1088.0 
tooo over at( -00 31.93 wdell 22296 0.994 Oo19i 0.999 [1086.9 

t 8009 T9a> a90045 30.48 0.01 2-210 0.995 5.977 O.9¥e (1085.3 
t 3000 e904 oy. rrerai Q.30 2.12T 0.994 5.790 0-99 1001.8 
100006 9962 483.27 43.60 0.2? 2-046 @.] 0.994 deO13 - 2] Qe¥9e FiO77.7 
4 11000 10981 419.62 9494 0.1? 1.968 0.994 54440 0.994 [1073.6 
| 12000 11940 075.95 lo. 28 0.07 2.892 0.994% 5.272 0.99% [1009.5 
| 13000 A2ere 32.29 12.67 =0.02 1.819 0.995 5.108 0.994 [1003-4 
l 34000 15978 468.67 9.00 “0.07 1.748 0.994 4.944 0-995 [1061.3 
j 29000 aagit 465.06 5.39 —O.al 1-679 0.995 4.786 Oo99D [1057.2 
40000 13976 Obese 1.79 0.15 4.643 0.994% 4.633 QO-9975 1105341 

| tooo Lovie 457.85 71.82 0.20 4.598 0.994 4.482 0.995 [1048.9 
18000 17975 454.24 ~5-43 0.24 1.486 0.995 4.336 0.995 1104.8 

19000 Leo7s 950.04 Fe 04 -0.28 1.426 0.994 0195 O.995 [i040.7 
20000 Asg74 447.03 712.64 -0.31 1.307 2° 1] 0.994 4.054 - 2] 0.995 | 5030.5 

21000 209% e43.45 16.22 70.33 13k) 0.995 3.919 Q.995 1103203 

| 22000 alate aie? ~1¥.8a0 0.34% 1.256 0.994 3.766 OoF9D | 1028.1 
' 23000 22974 436.29 23.30 70.36 1.204 0.994 3.058 0.995 | 1024.0 
' 24000 45974 43207) 20.90 70.38 4.153 0.994 3032 0-995 [101907 
23000 2e9Te a29012 ~H.9d "0.39 1.104 0.994 32410 O.995 J10L>.> 

20000 25974 429.54 -wwi3 -0.41 1.056 0.994 3.291 C.995 [LOLLe3 

27000 20974 e2Z1.97 37670 -0.41 1.0h; 0.99% 3.175 0.995 11007.0 

28000 27975 418.40 “41.27 0.42 9.607 © QO] 0.994 32063 0.995 [1002.7 

~ 29000 2a9T5 @le.a3 744.84 ~O242 9.242 . 0.99% 20993 0.995 998.5 

30000 29974 411.26 ~48.4)1 -0.43 G.032 +O] 06994 2.847 - 2) 0.99% 994GeL 

31000 3097T 407.68 ~51.99 0.43 8.436 0.994 2.743 0.995 989.8 

42000 UTT 407 254 ~S$2.135 2.99 8.057 0.9946 2.621 0.987 9b9eb 

33000 32578 4086.09 7-51.58 7.10 7.695 0.99 2.500 0.977 99003 

34000 33979 408.03 -$1.04 thal 7.380 0.996 22384 0.908 VILeD 

% 33060 34980 408.18 50049 15.32 7.021 0.997 2.275 0.960 DTheo 

i 30000 35981 409.72 “49.99 19.43 0.766 0.999 2.170 0.952 992-3 
‘ _ | $7000 36983 410.27 749.40 20.30 6.407 1.002 2.070 0.952 993.0 

38000 57984 410.82 7haOe UD 20285 Oel2zh 1.004 1.975 0.953 993.6 

390090 3896> 44.37 = 48.30 21.40 5.848 1.006 1.885 0.95% V9G03 

40000 39987 O11. wAT.Td 21.95 5.588 * Of 1.009 1.798 - 2] 0.955 994.9 

) - --~d 44000 40989 | 412.46 | -47-21 22.49 $.339 1.012 Lethe 0.957 995e6 
42000 41990 | 414.01 | -46060 24.04 5.402 1.014 | 1.638 0.958 | 996.3 

43000 42992 13.50 ~e60h1 23.59 42876 1.047 1,563 0.959 996.9 

! #4000 43994 | eheell | -45.56 24014 4.000 1.020 1.092 0.96% 99706 
#5000 44996 14.27 ~45240 44030 42454 1.023 40425 0.963 VOTO 

| #6000 45996 e14.27 45240 24.30 4.257 1.026 1.32 0.905 997.8 
j #7000 «7000 414.27 45.40 24.30 4.009 1.028 1.302 0-968 997.8 
: 48000 48003 e1e.2? 45.40 24.30 3.6389 1.03k 1.244 0.971 997.8 
49000 49005 @14.27 745.40 24-30 3e7AT 1.034 leaag 0.973 VOT 

$0000 50008 4lec2t 45240 24. 30 3.552 +O] 1.037 1.137 = 2] 0.977 997.8 

91000 21010 414i27 45.40 24.30 3.399 1.040 1.086 O.979 997.8 

22000 52013 414.27 45.40 24.30 3.245 1.043 1.038 0.982 997.8 

23000 23016 1r.27 43240 24230 3.102 1.046 9.924 - 3] 0.985 99T 8 

54000 54019 @14.27 95240 24230 2.904 1.049 92485 0.987 99728 

55000 93022 14.27 745.240 24.30 2.833 1.052 9.066 0.990 StI.3 

30000 50025 e140d7 745.40 24230 2.708 1.055 8.665 0.993 997.8 

$7000 $7028 414.27 45.40 24-30 2.508 1.058 8.281 0.996 9¥7.8 

20000 $0031 414.27 43440 24.30 20473 1.064 7.915 0.999 997.8 

59000 39034 414.2? 45.40 24.30 22304 1.064 7.905 1.001 997.8 

©0000 o6C3e 414.27 42240 24230 22299 ¢ QO] 4.067 70230 - 3] 1.004 997.8 

61000 61041 414.27 43.440 240M 22160 1.070 6.910 1.007 99708 

62000 o2Ces S14%027 45240 24030 2004 4.073 6.605 4.010 997.8 

63000 63009 414.27 45.40 24230 1.973 1.076 6.312 4.013 997.8 

04000 6e0$3 14.27 43240 <4. 30 1.865 1.079 6.033 1.016 997.8 

65000 e205? 14.27 45.40 4230 1.802 1.082 5.766 1.019 997.8 

@0000 ootel 1.27 705260 24.09 1.%22 1.085 5.541 1.022 997.8 

07000 o70e5 eleeel 45.40 23.54 1.646 4.068 5o2lo? 1.026 997.8 

038000 64069 ehee27 45240 22.99 2.573 1.091 5.03¢ 1.030 997.8 

6900 09073 le.2l 43240 22.94 1.504 1.094 4.812 1.035 9ITe8 

7oooo 70070 wheel 45040 2h.wd L437 +O] 1.097 4.599 - 3/ 1.039 997.4 

71000 7.082 14.27 43.40 21.35 1.370 1.100 4.395 1.043 997.8 

72000 72062 ele.2? 745.40 20-80 1.343 1.102 4.201 1.067 997.8 

73000 73C92 ele.2z? 45.40 20.25 1.255 4.105 4.015 1.051 397.8 

79000 74090 ei4n.2? 95240 19.70 1.199 1.107 3.838 4.055 997.6 

73000 Toth 14.27 45.40 19.15 1.140 4.110 3.668 1.059 99728 

70000 7e106 lee27 ~45.40 18.00 1.09 1.ll2 3-506 1.062 997.8 

T1000 W7Aba @14.27 43240 18206 1.047 Lelie 3.351 4.066 ITS 

78u00 Talle 14. bo ~$4.81 48.10 4.09) dell? 3.198 1.008 998.5 

19060 T9122 415.52 e015 1Be2k 9.506 - LE bedad 32052 1.070 999-3 


: 2 
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TABLE 5.2.— Continued 201 
75° N, July 
GEOMETRIC ALTITUDE, ENCLISH UNITS 


" Cor ficient Therma! 
Pressure Density of viscosity | conductivity 
P 
Za r. e.tbfit? es 
| ° ° 592.96 42.39 16.61 2.990 * 1) 0.929 T.49S - 2] 1.032 
1060 1ouz 500. 50 +O. av —14.55 2.080 C.998 Foa2z7 a0S2? 
2000 200% 449.05 39,38 ~12248 2.714 0.997 Tet 1.022 
3000 3006 e972 So 37.398 10242 2,071 0.996 rae o 1-OL7 
4000 4008 496.05 30.38 “8.38 2.572 0.3905 Sette 404d 
5000 3010 294.55 34.68 6.29 2.476 O.995 6.038 1.007 
900 e012 493.00 33.34 wanted 2.304 0.996 B2O1G 1.003 
1000 70n3 o91.58 3Le@) ~2-1¢ 20295 0.996 6.186 0.9ve 
8400 BOLLS 490.13 30.46 0.02 2089 0.994 S.9T4 O.664 
#200 O16 466.68 2r.di 0.29 2.i23 0.994 | s.7a? 0.993 [L0G1.7 
29000 icoa 483.21 23.94 0..9 2.045 @¢ Lh] 0.994 5.610 - 2] ve 293 FL0TT.e 
11000 11019 $79.54 a9. a7 6.08 1.967 G.993 By 45h j 6-993 1073.5 
12000 12020 475.88 leedi 0.02 1.891 0.994 5.267 | 0.993 [1069.4 
14000 1302) 72-21 12.54 “0.283 3.017 0.994 5.102 0.994 [1005.3 
14000 14022 406.59 8.92 “0.18 1.74 0.993 | 4.901 0.99% i061e2 
45000 isv23 464.98 3.3L 0,23 1.078 2.99? | 4,783 0.99% [i0S7~2 
46000 16024 461.37 $670 0.28 1-o1k 0.993 2629 9.99% [1053.0 
17000 47024 eST.7 wlevl “0.33 4.547 9.993 | 4.579 Uo 99e [1008.8 
18000 ied25 454015 ~o282 “0.36 Lae 0.993 4.333 0.993 [1004.7 
19000 19025 450.54 ~9.bd 0.4? 4.924 0.992 42190 0.99% |10e0.> 
20000 2ba2e £90. ~“lee73 004? £2364 © 1} 0.993 4.05) -— 27] 0.994 [103604 
21000 21020 443.36 -1oe31 "0.90 4.309 0.992 3.915 Q-.997F | 1032.2 
22000 42020 039,78 “19.409 v.52 1.255 O.ve2 3.783 0.993 1102800 
23000 21026 436.19 “23.48 ; 0.54 1.202 0.992 3,054 0.993 [1023.8 
24000 24020 | «$2.61 ~27.00 0.57 ded 52 O.9F2 3.429 0.993 |LUL96 
25000 24020 429208 Wee 0.59 4.103 00992 3.407 0.993 [155.4 
20000 26026 425045 ~34.22 0.0) + 1.055 0.992 3.288 OPPS (evrbe? 
27000 27020 421.88 7-32.79 0.53 1.010 OePVE 32173 0.993 [1006.9 
26000 28025 *1603h $1.36 -0.64 9.650 © O] PRO) 3,000 0.993 |1002.6 
29000 29025 heel 44.93 0.06 9.231 0.992 2.951 02993 998.3 
30000 30024 LlelT 98.50 -0.67 8.622 ¢ 0] 0.991 2.844 - 2; 0.992 999.0 
31000 31023 407.60 ~$2.07 “0.08 8.427 0.991 2.7el 0.992 989.7 
$2000 32024 407.55 “$2.12 2.02 a.049 0.991 2.18 0.984 989.7 
33000 ( 33027. 408.10 —S1.5T7 0.92 7.067 0.991 2.497 0.974 Ve 
9400u 34024 406264 ~Si.03 AL.O2 7.343 Gu 9A2 oe 382 0.905 991.0 
35000 35020 409019 —~ Wo 14.12 Terk 0.994 2e272 0.957 991.0 
30000 30019 409.73 49024 19.22 6.701 0.995 <u Loe 0.949 992.3 
379090 STOLT 410-26 49039 20.3! 0.402 0.998 2.008 0.944 993.0 
acovd 38010 410.83 48.6% 20.06 e116 12000 1.974 0.949 99306 
39000 39015 411.36 ~40.29 abo4l 5.844 1-002 1.463 0.950 99403 
40000 0013 411.92 “47,75 21.95 5.984 + QO] 1.005 1.797 = 2] 0.951 995.0 
41000 *LOLlL | 412.47 | -47.20 22.50 9.337 4.007 | L.7A5 0.952 | 995.6 
#2000 42010 412002 46.65 23.05 5.100 1.010 1.637 0.9538 39603 
#3000 43008 | 413.87 | -46.10 23.60 407s 2.012 | 1.562 0.95¢ | 995.9 
| 44000 44006 414.1 “45.50 24.14 4.659 4-015 1.491 0.950 | 997.6 
#2000 43000 | 414.247 — 45.40 24.30 42453 1-016 1.429 0.959 997.8 
#o000 46002 414027 743.40 24.30 4e257 1.021 1, 3e2 0.961 997.8 
47000 47000 414.27 45.40 24230 4.0609 12023 1,302 0.9 99T.8 
48000 47997 414.27 49.40 24.30 3.884 12026 1.244 0.¥60 997.8 
#99000 40995 4le.d? 45.40 24.30 ae7L7 1.029 1.190 9.909 99T.@ 
50000 49992 41le.27 7-43.40 24.30 3.553 * QO] 1-032 1.137 ~ 2] 0.971 997.8 
21600 50990 Sbee2? 45.440 24.30 3.397 4-034 dousl 0.974 997.8 
22000 51967 eleedl "45.40 24.0 3.247 1.037 1.039 0.976 997.8 
$3000 $2966 414.27 45.40 24.800 3.104 1-040 9.933 - 3] 0.979 
54000 $3961 414.27 705.40 24.3580 22967 1-043 9.493 0-982 997.6 
25000 Sev7e @lee2? 7-45.40 24230 2.636 1.046 9.074 0.984 997.8 
50000 95975 lee? "45.40 24.30 2.Thl 1.049 8.674 0.987 997.8 
97000 20572 414.27 $240 24.30 2-591 12052 8.292 0.990 997.8 
58000 57969 4lee2T 45240 24.80 2.487 10054 7.926 0.992 O97.8 
29000 58906 414027 45.40 24.80 22368 4.057 Te5TT 0.995 2 ey ] 
60000 59902 414.27 45240 24230 2.263 *° O] 1-080 T2243 ~ 3] 00998 997.6 
#1000 20959 414.27 45.40 24.30 2alhee 1.063 6.923 1-000 997.8 
a 62060 61955 14.27 43.40 24.30 2.008 1.0606 | 6.628 1.003 997.8 
‘s 3000 02951 414.27 -45.40 24.30 1.977 1.0609 6.326 1.008 997.8 
64000 03948 414.27 45.40 24.30 1.890 1.071 6.086 4.009 997.8 
5000 oes 414.27 45.40 24.30 1-807 1.074 $78) 4.012 997.8 
60000 85940 414.27 "45.40 24.20 be?2? 1.077 52526 1.014 Arey | 
670090 66936 414.27 45.40 23.66 4.651 2.080 52263 1.018 997.8 
68000 67931 414.27 45.40 23-11 1.578 1.083 5.950 1.022 997.8 
e900 66927 414.27 45.40 22057 1.509 1.085 4.828 1.027 997. 
70060 69923 414.27 ~45.40 22-02 1.442 ¢ QO] 1.086 4.015 - 3] 1.030 997.8 
71000 70918 4146.27 -45.40 | 21.48 1.379 2.093 4.412 1.03% 997.8 
72000 FL9Le 414.27 45.40 20.93 4e3k8 1,094 4.217 1.038 997.8 
73000 T2905 414,27 45.40 20.39 1.260 1.096 4.032 1.042 997.8 
74000 73awe 414.27 "45.40 19.84 1.204 1.098 3.854 1.046 997.6 
75000 74499 414.27 745040 19.800 1.151 ao.Ok 3-685 1.069 997.8 
76000 TSa04 414.27 7-45-40 16.76 1.2101 4.103 3.522 1.653 997.8 
77000 Teae9 414.27 =45.40 le.2k 1.052 4-105 3.307 1.057 997.8 
7a000 T7664 #14.79 44.88 46.18 12006 1.107 e205 1.059 998.4 
79000 415.4% 94.23 3.009 


Ee PEO, ACCS EOS BYR STAT 


202 


sicco 
62000 
@3000 
#4000 
85000 
. 84000 
~~ 4 B7000 
@v0c0 
avo00 


90060 
91000 
92000 
93000 
ot 6000 
#5006 
90000 
97000 
98000 


so127 
@lkaa 
#2138 
03144 
44150 
05155 
ale 
atlet 
68174 
@2180 


W1lNe 
91192 
92199 
93206 
94213 
95219 
Vb226 
97233 
ya240 


elonde 
eho. 04 
417.350 
@10015 
418.8) 
419,47 
420.k3 
420.79 
021045 
22040 


422.16 
424042 
424.08 
424.74 
429.40 
426.05 
20071 
e27.37 
428.03 


oo eee ne NE Se TE ARE dane 


Temperature 


~03..49 
~42.63 
42017 
41.52 
40-86 
~40.20 
39.54 
~38.88 
30022 
“37.57 


-3e.91 
36025 
35.59 
4.93 
“Wadd 
33.62 
732.98 
732630 
~31.04 


TABLE 5.2 —Continucd 


75° N. July 
GEOPOTENTIAL ALTITUDE, a a UNITS 


Pressure 


P, in. He 


ce 
Pa 


Aska, 
Anhee 
1.126 
1..2a 
aehdl 
4.333 
2eb36 
1.138 
1.140 
L143 


2.145 
1.146 
40130 
1.153 
Ae SS 
1.157? 
1.160 
12103 
1.105 


26913 = 3 
2.7680 
2.654 
2.933 
20419 
2.309 
€.205 
2-105 
2.018 
1.920 


1.634 - 3 
1.752 
1.673 
1.599 
1.527 
1.459 
1.394 
1.332 
L273 


LeOT2 
1.074% 
1.076 
1.0798 
1.060 
1.082 
1.084 
1.046 
1.089 
1.090 


1.092 
1.095 
1.097 
1.099 
1.101 
1.103 
12106 
1.108 
Ledld 


Sour? 
apeed 


1000.1 

1900.9 
1001.7 
1002.4 
1003.2 
1004.0 
1009.8 
1005.6 
1006<4 
1007.2 


1008.0 
1008.7 
1009.5 
1010.3 
1ORLOR 
lOkdeyv 
1012.7 
104304 


LOkee2 


Coeftcient 
of visconity 


rt 
Ib tt ‘sec! 


1.008 - 5 
4.010 
1.012 
1.912 
2.014 
2.015 
3.016 
1.027 
1.019 
1.020 


1.021 ~ 5 
12023 
1.024 
1.025 
1.027 
1.028 
1,029 
4.030 
1.032 


Thermal 
conductivity 


3.328 - & 
3.333 
3.338 
3.343 
3.348 
30353 
3.357 
3.362 
3.367 
3.472 


3.377 - 6 
3.362 
3.387 
3.392 
3.396 
3-401 
34406 
3e4hl 
3.416 


#0000 
a10d0 
32000 
43000 
#4000 
35000 
80000 
3t000 
36000 
89000 


g6074 
91000 
92000 
93000 
94000 
9200U 
¥000a 
37000 


Altitude 


*le.10 
@iowT> 
GLi.4l 
418.90 
416.72 
419.37 
420.02 
420.06 
21.33 
e2L.99 


422.04 
423.30 
23.95 
424.00 
425.260 
425.91 
426.57 
Preerr4 
427.87 


Temperature 


oF 


~43.57 
~42092 
~%2.26 
41.6) 
740.95 
=40.30 
~ $9065 
- 56099 
~38.34 
37.68 


~ $7.03 
30.37 
~s5eT2 
35.07 


~3ee4i | 


33.7 
~33.1. 
27 04>? 
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Table 5.3 
Sea level to 30 km 
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*Preseure altitude wa defined as the indicated altitude of preseure akimete: when the 
akimeter is set at 1013.25 mb and calibrated with the Standard Atmosphere. 
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Table 5.4 
Sea level to 100,000 ft 


GEOPOTENTIAL ALTITUDE IN FEET AS A FUNCTION OF PRESSURE 
IN MILLIBARS 
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“Pressure allitude is defined as the indicated altitude of pressure altimeter when the 
altimeter ie set at 1013.25 mb and calibrated with the Standard Atmosphere. 
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*Preseure altitude is defined as the indicated altitude of pressure altimeter when the 

shimeter ie set at 1013.25 mb and calibrated with the Standard Atmoaghere. 
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“Pressure altitude is defined as the indicated altitude of pressure altimeter when the: : 
altimeter ie set gt 1033.25 mb and calibrated with the Standard Atmosphere. 
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Part 6.2 
120 km to 1000 km 
Summer Models 


TEMPERATURE, PRESSURE, DENSITY, SCALE HEIGHT, MOLECULAR 
WEIGHT, AND NUMBER DENSITIES 


Metric Units 
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Part 6.3 
120 km to 1000 km 
Spring/Fall Models 


TEMPERATURE, PRESSURE, DENSITY, SCALE HEIGHT, MOLECULAR 
WEIGHT, AND NUMBER DENSITIES 


Metric Units 
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CORRIGENDA 
for 


U.S. STANDARD ATMOSPHERE, 1962 


4, Page 5, Table 1.2.1 
Change Metric value of R* to 8.31432 X 105 joules (°K)~! (kg-mol)-! 


Change English value of R* to 1545.31 ft Ibf (°R)-! (lb-mol)-! 
or 49719.0 Ib ft? sec -* (°R)~ ' (lb-mol) -! 


2. Page 9, Right-hand column, line :6: 
Change “1948” to read “1947” 
3. Page 10, Table 1.2.8 
~ Change dimensiun of My from “(dimensionless)” to “kg (kg-mol)-"”? and “Ib (b-mol) >!" 
4, Page 13, Figure 1.3.5, abscissa label: 
Change ‘‘Mean free path, km” tu read ‘‘Mvan free path, m.” 
5. Page 16, Table 1.4(e), Z=170, 190, 230 km. 


Change ‘26.40, 24.70, 1103.4, 1205.4, 1322.3' to read “26.45, 24.69, 1105.5, 1205.5, 1321.7,” 
respectively. 


fe. 


6. Page 28, Table I1.3(b), integrals: s 


Change “loge (2 — 284.01768)" in line 9 and “log. (Z—216.23225)” in line 14 to read “loge 
(284.01768 — 2), loge (216.23225 —Z), respectively. 


NOTE: Pages 80 through 85 and 182 through 189,—For molecular weight above 90 km minor oscillations will sometimes 
be noted which cause certain values to be slightly greater than a preceding value at a lower altitude. These dis- 
crepancies result from the particular analytic Cunction utilized to fit predetermined defining pointé and are not 
intestional Several of the figures on pages 11 ta 15 show oscillations which do not appear in the tabulated values. 


